Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



^b, Google 



^b, Google 



^ufnara's ®l«nentarg Stwn« S^tms. 



INORGANIC CHEMISTEY: 



SCIENCE CLASSES AHT> HIOHEE AND MIDDLE 
CLASS SCHOOLS. 



Dr. W. B. KEMSHEAD, F.R.A.S,, F.G.S., 




NEW YORK: 
G. P. PUTNAM'S SONS, 

FOURTH AVESIJE AND TWBNTT-THIRD aTRBET. 



^b, Google 



^b, Google 



Ulster 0/ Dulicm Collcjs, 

TUrS LITTLE WORK IS 

EE3PBCTPULLT INSCRIBED, A3 A SLIGHT BECOGNITlOfT 

OF FAST KINDNESSES AND C0UETEBIE8 

RECEIVED BY 

TRE AUTHOR. 



^b, Google 



^b, Google 



PREFACE. 



Toe following work does not pretend to be a complete 
text-book on tlie science of Isorgasic Cheuistry, or 
even on that portion of it which would confine itself to 
the Non-metala. Written with an especial purpose, viz., 
for the use of pupils preparing for the First Stage, or 
Elementaiy Examination of the Science and Art Depart- 
ment, South Kensington, it necessarily confines itself 
to the subjects prescribed in the Syllabus of that 
Examination. 

My aim throughout has been to express, in as clear 
and simple language as possible, the earlier principles of 
the science, so as to fit the book for the use of mere 
beginners, but at the same time to be sufficiently full 
Had accurate that it might be useful as a text-book in 
the hands of more advanced students. The limits to 
which this series is confined have prevented me from 
giving all the experimental illustrations I could have 
■wished; but I have, I trust, given amply sufficient to 
illustrate every assertion in the text, and have sought to 
make choice of those which, while they are striking ttnd 
conclusive, combine also the property of being easily 
performed, and are therefore most suitable to students 
whose command of apparatus may be limited. 
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I make no apology for introducing the Grapliic 
Formulfe and Notation, in bo elementary a work. In- 
dependently of my own proclivitiea in its favour, the 
examiaation for ■which this book is specially prepared 
demanda a knoirledge of the theory of atomicity and of 
its graphic representation— to have omitted it, therefore, 
would have been impossible. For the benefit of tKose 
teachers who may not have 'adopted it, I have in all cases 
added the egnations in the ordinary eymhola as used by 
the late Professor Miller, Professor Williamson, &c. 

I have to offer my warm acknowledgments to Pro- 
fessor Frankland for the ready and kind manner in 
which he gave me permission to make free ase of his 
valuable work, Lecture Notes for Chemical Students. 

•The elementary character of the work did not admit of 
much originality, except perhaps in the matter of arrange- 
ment ; and I must here acknowledge my obligations to the 
works of Faraday, Miller, Williamson, Bloxam, &c., &c. 

The work while in the form of notes has done 
good service in preparing my own pupUs for the South 
Kensington Examination ; I trust it may be equally 
successful in the hands of those teachers who may adopt 
it. 

W. B. KEMSHEAD. 



DiTLWICH COLLBOB, LABORATORY, 

Ddlwich, September, 1373. 
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CHAPTER I. 



Matter and Force — Physical Forces — Definition of Chemistry — 
Simple and Compouiid Matter— Metals and Metalloids of 
NoQ-Metala — Symbols — Atomic Weights — List of Elements 
— Physical Condition of Elements— Distribution of Elements. 

"We shaJ] the better understand the full definition of the 
Bcieace of Chemistry, if we first explain some of the 
terms which we are compelled to mate use of. 

Of these terms the two most important for us clearly 
to understand are matter and force. 

1. Matter is the name which wo give to all ihintjs 
which esist, or which can in any way be recognized by 
our senses ; thus, the earth we live on, the water we 
drink, the air we breathe, the bodies we dwell in, are 
all material, or, scientifically speaking, masses of matter. 

Matter possesses various properties, but the essential 
ones (without which, in fact, it would not be matter) are, 
that it must possess weight and occupy space. 

All matter is subjected to various influences, some of 
which impart to it new properties, without, however, 
changing its external form or appearance ; others, whUe 
altering its external form, do not sensibly change it in 
other respects; while another, that with which we are 
more directly concerned, not only alters matter in ex- 
ternal form, hut in nearly all cases imparts to it totally 
new and different properties. 

These various influences are called forces, and are 
divided into physical or natural and chemical forces — 
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e.g.,i£ a, bar of iron or any metal be heated, it mil b©« 
come visibly, sensibly larger ; and if the heat be suffi- 
ciently great, it will pass from the solid to the liquid 
form, but it Trill still remain iron, or copper, or brass, 
&a, as the case may be. Heat, therefore, simply changoa 
its size and condition, but not its nature. 

ExPEKiMEBT 1. — Thus, if Bomewaterbeput into a Florence flask, 
and heat be applieii by means of a spirit lamp or Bnnsen burner, 
the water will be converted into vapour wiiioh will be invisible ; 
but if an arrangement Bimilar to that shown in Fig. 1, where A 

_i...i, ..1 •.._ ;. t.-i.j . -a :..., JjgpJ (jggl 




by a constant supply of cold water kept up over the outside ; 
and C, a vessel to receive the water thus condenaed, the vapour 
will be again converted into water, from which it started. IE 
now some water be put in a meta! vessel— a tin, or zinc, or 
pewter pot, and the whole then immersed in a mixture of broken ice 
and salt, the water will gradually contract or diminish in volume, 
until it reaches a temperature a little above freezing point (4° C. 
or 39*2° F.), when it expands, and eootinues to do so until the 
mojcent of solidification, when it expands suddenly and violently 
to -h of its former bulk, and finally it will be converted into 
a solid mass of ice. But whether it be in the condition of vaponr 
or gas, the liquid water, or the sohd ice, it i3 still tho &ame 
chemical substance— lofilfr (OH,). 

Exp. 2. — If some iodine be put in a Florence flask, and » 
gentle heat applied, the iodine will not melt, but will at once be 
converted into a beautiful rose-coloured vapour, which will be 
again condensed into minute crystals of io^^ne in the upper or 
cool part of the flask. 
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These experiments show that heat may alter li iz a il 
physical condition of a substance ; but, especially if tli b 
stance be a simple one, it does not alter its nature 

Again, if a rod of sealing wax or glass be Tib d wi h, 
a piece of warm dry flannel or silk, they wil imd o 

apparent change of any kind, but they will be found to- 
have acquired the property of attracting to themselves 
all light substances. This property we call electricity. 

Further, if a bar of steel or a steel needle be rubbed 
with a piece of loadstone, it will present the same ap- 
pearance ; but if suspended, so as to be free to move, it 
will now always point in one direction — it is, in fact, 
under the force of magnetism. 

But if we put together some iron or copper filings and 
sulphur, and expose the mixture to heat, the metel and 
tlie sulphur will combine, and a third substance will be 
formed which will be found to possess properties totally 
distinct from, those of the metal or sulphur employed. 
The /orce under which this combination takes place is 
called chemical force. , 

2. Chemistry, then, is the science which treats of 
^natter (i. e., of all bodies whatsoever which have been or 
can be subjected to man's investigation) in respect of ita 
nattu-e, its composition, and its properties. It investi- 
gates the mutual relations of different masses of matter, 
and their actions on each other when under the influence 
of this cJiemkal force. 

3. Simple and Compotmd Matter. — One of the first pro- 
perties of matter which forces itself on the attention of th& 
chemist is, that it is either simple or compownd in its nature. 

4. By simple bodies or elements we are to understand 
those which we are not able by any means we have at our 
command to split up into two or more different substances. 
Thus, sulphur is an element; by no process whatever can 
we obtain anything but sulphm- from it. Meeaury, cop- 
per, iron, and gold are all simple substances or elenfenls. 

6. By compound bodies we mean all those which, 
under the treatment of the chemist, can be made to yield 
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more than one simple or elementary tody — e. g., clialk 13 
0, compound ; ' under suitable treatment it oaa be made to 
jield an invisible gas called oxygen, ablaok solid — carbon, 
and a white shining metal — -calcium. So, sugar is a com- 
pound, and may be resolved into two gases — oxygen and 
hydrogen, and a solid — carbon. Brass is a compound, 
and may be divided into the two metals, zinc and copper. 

Note. — All compounds formed by the union of two or moro 
metaia are called alloys, nniesa mercnry be oiio, io wbich case 
they are called wmaJgams. 

Of these efemejife chemists have ascertained the existence 
of sixty-two or sixty-three. These have been again sub- 
divided into two classes— non-metals or metalloids and 
metals. 

HOTE.^ — The former term, although not SO con n nt b ansa 
a componnd ward, is more correct, and is now um. sa y m 
ployed. 

6. Cliaiaoteristies of Metaia and Noh Metals — The 
Tiietals are gMierally known as posses tno' i \ eculu 
lustre called metallic, a high specific giavity, oi gieat 
density, and for being good conductors of heat and elec- 
tricity; while the norMnetah are noted for the absence 
of this metallic lustre, their generally low specific gravity, 
and for their being generally bad conductors of heat and 
electricity. 

The above definition, though perhaps the best that can 
at present be given, is not at all satisfactory; for, with 
respect to lustre, many of the metaia possess it only in a 
modified degree, and some lose it altogether when reduced 
to powder ; while one of the non-metals, iodine, possesses 
it in a very remarkable degree. Again, with respect to 
density or specific gravity, while it is true that the metals 
for the most part are heavy, while tbe metalloids are 
light, it is not universally the case ; for three of the 
metals — lithium, potassium, and sodiwm. — are lighter than 
■water ; ■ and several of the nmi-metaU — bromine, selenium, 
iodine, arsenic — have a density irom three to five times 
that of water. 
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In like manner, the power of conducting heat and elec- 
tricity, aithougt distinctive of, is not absolutely confined 
to, metals. 

7, Symbols. — Instead of writing the whole name of an. 
element, chemists are in the hahit of using merely the 
initial letter, or, in the case of two or more elements be- 
ginning with the same, the more common or more im- 
portant one has tlie initial ; while the other elements 
are distinguished by the addition of a small letter, thus — 
carbon, (C), eoMvmi (Ca), chlorine (CI), cobalt (Co), 
CiBsium (Cs), and so on. ^ 

8. Atomic Weights. — It is found by experiment that 
whenever substances, either elementary or compoimd, 
unite together chemically, tiey cdways do so in certain 
fixed definite proportions. These proportions by weight, 
when reduced to their lowest relative value, and ex- 
pressed with reference to that of hydrogen, which is 
usually taken as unity, are called the atomic weights, or 
combining numbers, of the elements. Thus, the symbols 
not only indicate the elements which they represent, but 
they also stand for a fixed definite proportion by weight 
of that element. Subjoined is a list of the elements, with 
their symbols and atomic weights, or combining nambers: 

ftluminium Al. 27 '5 

Antimony (Stibium), Sb. 122 

Arseaic, As. 75 

Barinm Ba. 137 






Csesinm, Cs. 

Calcium, C». 

Carbon, C. 

Cerium, Ce. 

Chlorine CI. 

Chrominm, Cr. 

Cobalt, Co. 

Copper (CupruDi) Cn. 

DidjminiD DL 
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Erbiuui, E. 

Kuorine, F. 

Glueinum or Beryllium G. or 

«old (Aorum) Au. 

Hydrogen, H. 

Indium In. 

Zodiiie, I. 

Iridiam, Ir. 

Iron (Femim.) Fe. 

Lead (Plnmbnioi Pb. 

lithium, Li. 

Hagnesiaut, Mg. 

Muigsneise, Mo. 

Merc^u7 (Hydiargyrua), .... Eg. 

Molybdeutuu, Mo. 

Nickel NL 

INiobiiuuorColumbium, .... Mb. 

Nitrogen, N. 

Oamium, Oa. 

Oiygen O. 

PaUadigm, , Pd. 

Phosphorus, P. 

Platinaia Pt. 

Potaasium (Ealiam), K. 

lUiodium, Bb. oi 

XLubidium, Kb. 

Hutheniam Ra. 

fielenium, Se 

Silicon or Silicium, SL 

Silver (Aw;entum| Ag. 

Sodium (Natriom.), Na, 

Strontium, Sr. 

Solphur, S. 

Tantalum Ta. 

Tellnrium, Te. 

Thallium, Tl. 

Thorinum, Th. 

Tin (Stannum), Sn, 

Titaniom, li 

Tungstea (Wolfram), W. 

Uranium, XS. 

Vanadium, V, 

Yttrium, Y. 

Zirconium, Zr 



87-5 
32 
137-5 
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9. Non-lfetals. — The folio-wing thirteen elements are uni- 
vorsally admitted as non-metals ; — 



H 


1 


<l 


16 


N 


14 


l!l. 


3B-5 


V. 


IS 


■Br. 


SO 


0. 





Bm-on. B. 11 

lodiae, I. 127 

Phomhorus, P. 31 

Svlphm-, 



SiUcim, .. 



Hi/drogai, 

Oxygen, 

2/iirogert, 

Cklorme, 

FltMnne, 

Sromiae, 

Carbon, 

To tHese the majoritj of chemists add teUwriuw (Te, 
128) and arsmic (Aa, 75). The remaindet of the elements 
are metals. 

10. Physical Condition of Elementa.— Under the ordi- 
nary circumstances of temperature and pressure, the fol- 
lowing five elements are gaseous, viz.-, oxygen (O), hydrogen 
<H), nitrogen (N), chlorine (CI), and fluorine (F) ; while 
loromine (Br) and mercury (Hg) are lujuid, and the 
remainder axe all solids. 

11. Dlstribntion of Elements. — The following twelve 
elements constitute the chief part of the earth, whether 
of the solid ground, the sea, the air, or the ajiimals and 
vegeiahles that inhabit them; they are consequently the 
most abundant : — 



EydTogen, 


H 


Silicon, . SL 


Oxygen, 





Alaminium, Al. 


mrogm. 


N 


Calcium, Ca. 




C 


7ro», Pe 


Chhrme, 


LI 


Pota,-<,um K 


Sulphur. 


& 


Sodium, Na 


The next eleven element 


3, although not so ahund 


are either of frequent 


occur 


■enoe, or of great chemical 


portance. They are : 


— 




BTomatr, 


Br 


Mmganesf Mn. 


Copper 


On 


Meroir,, Hg 


Fkuntae, 


F 


Phosphorm P 


Icdb>e 


I 


Siker, Ag 


Lead 


Pb 


^tne, Zn. 


Magne^nm, 


Wg 
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The next group of 


eighle 


en elements 


of secondary 


impo 


tance, 


VIZ. — 


Antimony 




''b 


NiGkel, 


Arsemi- 






Palladium 


Banum 




Bi 


Platiuum 


Bismuth 




Bi 


Fhodium 


Boron 




B 


Stronbum 






Cr 


Tin 


Cobalt 




Co 


Titanium 


Gold 




4.a 


Tuntsteit, 


Indinm, 




Ir 


Uramum, 



w 
u 

The remaining elements may be regarded as those of 
very rare occunence, or of which oui knowledge is veb 
very imperfect Some of them, indeed it. erbium, m 
dium, lie , ate at piesent metel^ chemical curiositiLa. 



CHAPTER II. 



Difference between Meclianical Mixture and Chemical Compound 
— Characteristics and Different Modes of Chemical Action 
— Summary. 

13. Wb have defined "a compound body " to be one 
which we can decompose into two or mote simple bodies 
or elements; but in considering this definition it is im- 
portant to distingtdsh clearly between a mere mechanical 
m,ixture and a ckemicol compound, for the efiects pro- 
duced by mixture and by combination are exceedingly 
different. 

13, Properties of a Mechanical Mixture. — Inamisture, 
the materials may exist in any proportion whatever, and 
the properties of the mixture will partake of those of each 
of its constituents ; while in a chemical compound com- 
bination will only take place in certain fixed, definite, and 
unalterable proportions, and the resulting compound will 
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Exp. 3. — If iroa filings and powdered Bulptur be mixed to- 
gether, they may be bo in any proportion whatever, and the 
reaulting mixture will retain in a modified form the characteristica 
of both. Thns the inflammability of the eulphnrwill be modified 
by the non-inflammability of the iron, and tSe power of conduct- 
ing electricity which the iron posaesses will be modified by the 
presence of Uie sulphnr, which does not jicssess this power ; but 
the iron and the sulphur will still exist independent of each 
other, aa may be shown by drawing a maguet several times 
through the mixture, when the iron filings will adhere to the 
magnet, and the sulphur be left behind, 

Exp. 4. — Sand and sugar may be mixed together in any pro- 
portioiis, and the resulting mistures will possess both the gritti- 
uesB of the sand and the sweetness of the sugar, eaeh in a 
modified form ; but no action having taken place between them, 
they may be easily separated by the mechanical act of solution 
and filtration. The sand wOl be left behind on the sieve or filter. 

Gunpowder affords an exceedingly good instance of the 
difference between the effects of mechanical mixture and 
chemical combination. It is made from saltpetre or nitre 
(nitrate of potassa), charcoal, and sulphur, which are 
mixed together hy mechanical means in the most intimat« 
manner possible ; but no chemical action having taken 
place between them, they atUl remain separate and dis- 
tinct. The nitre may be washed out by means of water, 
and by evaporating the water may be again obtained in 
the solid form. So in like manner the sulphur may be 
■washed out by carbonic dieidphide, and on allowing the 
disulphide to Tolatilize, the sulphur may be obtained, 
while the charcoal remains behind undissolved. If, how- 
ever, we cause the materials to enter into true chemical 
combination, all is changed — the mixture is fired by heat, 
the dormant chemical force is called into being, the three 
solids disappear and are suddenly converted into an 
enormous volume of gaseous matter, and new substances 
are produced, possessing properties totally distinct from 
those of either the nitre, sulplmi/r, at cliarcoal. 

It is the study of this chemical Jorce, and of the laws 

10 E. B 
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wliieh govern its aotion, whicli is especially the pi-ovlnco 
of Chemistry. 

14. Characters of Chemical Action.— Chemical attrac- 
tiOE or affinity is distinguished from all other kinds of 
force by eever^ wel!-markecl features. 

1. It acts only between particles which are absolutely 
in contact. It is rarely possible, by mechanical means, 
to bring the particlea in sufficiently close contact for 
chemical action to commence ; recourao is generally had 
to solution, or fusion, or chemical means. 

Exp. 6. — Mii together i oa. aodio carbonate and 1 dram 
tortario acid, no action takes place, not even if the mixture ba 
ground in a mortar ; now place it in a glass and add water, a 
brisk efiervcscence ensues, due to the chemical action set ap, and 
the escape of a gaa called carbonic anhydride. 

Exp. 6. — Mis together iron filings and powdered sulphur, no 
action takes place ; put them in a crueible and apply heat, so aa 
to melt tbe sulphur, combination ensues, attended with a great 
manifestation ot heat. 

Esp. 7. — A mixture ot oxygon and hydrogen gas, in the pro- 
portion ot one volume ot oxygen to two volumes of hydrogen, 
may be made, and left in a soda-water bottle for any length of 
time, no action will take place between them ; but, if an electric 
Bpark be paBsed through, or a light be applied, combination takea 
place Buddenly, and with great violence. 

Some solids appear, at iirst sight, able to act chemically on 
each other, e,<j. — 

Esp. 8.— When iodine is sprinkled over phosphorm, combination 
instantly takes place, attended with the evolution of light and 
beat; but, in this case, both substances are volatile, and the 
commeucemcnt of the action takes place between their vapoura. 

2. Chemical action is most st^rmgly exerted between dis- 
simUwr subetances.^ Thus, no action whatever takea 
plaoe between two pieces of iron, or two pieces of copper, 
or two pieces of sulphur ; but between iron and sulphur, 
or copper and sulphur, very intense chemical action will 
tafee place. 

* This circumstance— viz., (lat chemical action is strongest 
between MfiJiie substances — makes the term " a^nily," v/hii^ is 
commonly employed to express " ciianical adton or attractioji," 
an ohjectionablo one. 
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As a rule, the greater the difference in the properties 
of two bodies, the greater is their tendency to mntual 
chemical action. Chemical union may.take place between 
bodies allied to each other in properties, but such unions 
are very unstable, 

3. The most striking amd cliaraeteristicfealvrre ofcliemical 
attraciion is tlie entire cluinge of properties ivith which it 
is attended, a change that by no possible reasoning conid 
have been predicted. TTnder its influence solids are con- 
verted into liquids, liquids into solids, and gases into 
liquids and solids; while all the various changes of colour, 
taste, and smell, which wo meet with on every hand, are 
entirely due to chemical force or attraction. 

Exp. 9. — Triturate or mix ia a mortar some freshly crystallized 
mUpkate of soda, and carbonate of potash; the two Bolids will be- 
come converted into a liquid. 

Exp. 10. — Take a saturated soltttion* of chloride of cakium, 
and drop into it a small quantity of salphuric acid; the two dear 
liquids will become converted into a white opaque solid. 

Exp. 11.— Make a strong 93Tnp, by dissolving a small quantity 
{five or six lumps) of white sugar in a beaker glass, with a little 
warm water. Place the beaker glass in a soup plate or gaa tray, 
and add cradnally strong a^ilpltm-ic aeid, and stir; in ft few 
minutes the clear syinp wUl blacken, begin to effervesce, and 
rise in the glass, and linally it will become solid (sufficiently so 
for the stirrer to stand upright), and flow over, filling the aoup 

The rationale of the above experiment is, that sugar is a 
oomponod of carbon, oxygen, and hydrogen, the two latter being 
always present in the proportion in which they would form water. 
How sulphuric acid has the property of being very greedy of 
water whenever it moots with it, and it not only absorbs the 
water which was used in converting the sugar into syrup, but 
also that which enters into the composition of the sugar itself, 
so tliat the carbon is set free, prodacing the solid mentioned. 
The reason of its occupying so large a space is, that, being in a 
very minute state of subdivision, it is eictedingly porous, and is 
largely permeated by the Equid and steam produced by the 
mistare of the sulphuric acid and water. 

* Solids do not dissolve in liquids in indefinite proportions; 
aud, when the iiqaid has dissolved as much as it is capable of 
doing, ihe solution is said to be saturated. 
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If tho gases oxygen and hydrogen be mixed in the proportion 
c! one of the former to two of the latter, and exploded in a auit- 
ftble apparatus, water is produced. Tlie full deaoription of this 
will be given in Chapter IX. under the heading of -water. 

Exp. 12. — Dip a clean feather into hffdrocJikiricfmuriatkJ add, 
and moisten with it the interior of a glass jar cover immediately 
with a gla^ plite and in tike manner 
moisten the mtenor of a smidar jar with 
ammonia brmg the two jara together 
month to mouth but with the glass pUto 
between them they will both appear empty; 
bat if the Llass plate be removed, ttie 
vhole inclnded apace will be hlled with a 
dense white i^puur which at last eettles 
on the sides of the iirs in the form of 
a white powdu-— solid chloride of am- 

Thu changes of Colour which t^o plftco 
... der the inSuence of chemical attraction . 

P" 1 e BO diverse that it la difficult to selecfc 
J^ nstanoes for illustrition they are so 
I b indant The arts of dyemg and calico 

I nting are entirely chemical ones. 
r\p 13 — Take four conical testglasses, 
t tn each put as follows ; — In the first, 
mill quantity of argeiilic nilrale (nitrate 
iherj in the second, a small qnan- 
t ty of plumbic nitrate (nUi'ate of lead) ; in 
the third, some mercuric chloride ; and in 
- the fourth, some chlorine water, to which 
s a few drops of a weak solution of starch 
I has been added. (These salts should all 
'a Eolution.) The liquids in the four 
!ea will all be colourless and clear hke 
water ; now add to each a few drops of 
c iodide. In the first glass, a pale yellow or 
straw coloured precipitate will be thrown down ; in the second, a 
dark yellow, almost orange, precipitate ; in the third, a brilliant 
scarlet precipitate ; while the liquid in the fourth glass vrill be 
turned a beautiful blue. 

Many other beautiful and effective experiments on the changes 
of colour cansed by chemical action will be met with in the course 
of reading this book. The common holiday trick of appearing to 
ponr from a bottle, — previously filled with water, — milk, port, 
sherry, champagne, blue ink, &c., is done by the glasses being 

Srevicusly prenared with the necessary chemicals to produce tho 
esired effect. 
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The changes in taste and smell produced by chemical action 
are very striking, but do not so easily admit of experimental 
demonstration. Two examples may however be taken. 

ExF. 14. — Mix together in a mortar eqnal parts of nmmome 
tlilcride and qaicl; lime, both of which substances are inodorous. 
The mixture disengages a gaa possessing a most pungent odonr. 

Exp. 15. — ClilOTine is a gaa, possessing highly irritating, pun- 
^nt, and jioisonous properties. Sodium is a metal of an exceed- 
ingly caustic and poisonous nature ; and yet if they he caused to 
unite, they produce a white solid (common salt, chlorule of 
sodtam), not only not poisonous, but actually necessary to life. 

Exp. 16. — If 37 parts of hydi'oelilork bcm be mixed with 41 
parts of caustic eo(ia, both of which substances are intensely 
poisonous, wo shall obtain a neutral solution, consisting of CO 
parts of common kitchen salt, dissolved in IS parte of water. 

The only puoperty which, chemical action is powerless 
to alter or even modify ia that of gravity or weight. 16 
grs. or oz. or lbs. of oxygen will unite with 2 gra., oz., 
or lbs. of hydrogen, and produce exactly 18 grs., oz., or 
lbs. of water. So, in tbe conversion of iron into iron 
oxide or rust, 7 lbs. of iron require exactly 3 lbs. of 
oxygen, and produce 10 lbs. of iron rust. There is never 
a loss of weight in any chemical action. One of the great 
truths which Chemistry teaches is, that, under no cir- 
cumstances whatever, can there be either creation or 
destruction of Ttuztter. In all cases in which the matter 
seems to be destroyed, — as tho burning of a candle and 
other cases of combustion, — the destruction is apparent 
only ; the matter under the influence of the ciemical 
force is mad© to take the form of an invisible gas, and 
therefore appears to be lost. If, however, we take means 
to collect the products of the combnstion, we shall find 
that so far from losing in weight, they weigh moi-e than 
tho original candle did, the increase in weight being due 
to the oxygen of the air consumed in the burning. The 
following simple experiment will show tliis — 

Exp. 17. — A glass tnbe (Fig. 3) — a common lamp glass does 
very well — with a cork fitted to the bottom, through which are 
several holes, in one of which a taper is fixed ; the upper part of 
the lamp glass is connected, by india-rubber tubing, with a 
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n wMch is placed some canstio soda, the other branch 
of the U-tnbe is also oonnee- 

S""^ ted with a water bottle, or 
aspirator. The lamp glass, 
with the candle, the coimec- 
tion, and the U-tabe, with the 
caustic soda, are then careful- 
ly weighed, and thoir weiirht 
to the nearest grain s 
ately noted. The conn< 
with the water bottle being 
' ' a made, the tap is turned 




, and as the water n 



■a up through the 
lamp glass, &a., to supply its 
place, andacurrent or draught 
of air is thus established 
through the whole apparatus, 
the taper is then lit, and it 
and the corkquicklyreplaoad. 
^S 3 When the taper has burnt for 

a. few ininates, the water is turned off, and the taper almost 
iI^medl^tely goes out If, now, the tubes which were weighed 
at the begmnmg of the experiment, be a^ain weighed, it will be 
found that although the candle is consiaerably less than it waa 
at first, the tubes are perceptibly heavier. 

The ralionale of the above experiment is tliis — the candle is a 
compound of hydrogen and carbon, the air is a mixture of two 
gases, oxygen and nitrogm ■ the burning of the candle, like all 
caa«3 of combustion i^ smiply a case of chemical combination ; no 
that mtho burning the /tji>07eH (H) of the candle unites witli 
the oxygen (0) of the air to 
form water (H,0) in the cou- 
dition of steam, and the carbon 
(C ) of the candle unites with the 
orygen of the air to form carbonic 
acid (COs). These two invisible 
toiTO and carbonic acid, 

f wards by the draught, 
t and retained in the 
U tnbo % the canstic soda with 
which they eater into e^er com- 
bination, and the whole appar- 
atus weighs heavier than at &st, 
_. , by esacUy the amount of oxy- 

K- *■ gen whidi has been abstracted 

from the air to form the steam and carbonic acid. 
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Exp 18 — Hold over the flame of the taper or candle a cold, 
dry, bright, tumbler or beaker, the inner surface will at once 
become dimmed by the dew or moiature which will coEect on it. 

The experiment might be arrangod, by keeping the outside 
of tho tambler or beaker continually cool, so aa to collect quite a 
wine glass of water from the buimng candle. 

Exp. 19. — Let the taper be hornt in a clean gksa bottle with 
a narrow neck, or with, the neck nearly 
closed hy having a piece of narrow glass 
tubing inaerted tliiongli the cork. In 
a few minutes, according to the aize of 
the bottle, the taper will bum Hiin, and 
finally go out. If, now, some lime 
water* be _ponred in, and the bottle be 
agitated, the lime water will bo tu n d 
imlky, indicating the presence o£ ci 
bonio acid — the milkiness being due to 
chalk which is formed from Imie a 1 
carbonic acid. 



together 

formed, 
alkali, i 




i. Ttere are two modes of fonimi" 
chemical compounds — the sin pies 
whei'e two substances unite directl 
s when hydrogen (H) % 
\ oxygen (O) and wate is 
■ whei-e an acid a d an 
hydroeklorie acid (HCl) § 
aiidammoBia(H3N),tmiteto55 th r " 
and form a salt, TLis only tak s 
place when the bodies Li e i F g j 

powerful tendency to unite. The other u I more comn on 
mode of combination occurs when one of the ingrediciita 
of a compound is displaced by another substance, and a 
new compound is the result ; for example, if to a solution 
of ni^ate of lime (which is clear and transpai-ent as water) 
mlpkuria acid be added, the sulphv/rie wAd drives out the 

* Lime water may be made, by taking a piece of freshly slaked 
lime, about the aize of a walnut, and putting in a wine bottle of 
distilted water, and shaking well. After standing twenty-four 
hours the clear li<j^uid is fit for use. 
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nitric <md and mates with the lime, forming mlplvxte of 
lime, which, being insoluble, falls to the bottom of the 
glass as a solid white precipitate. 

5. "Whenever chemical combination takes place as the 
result of a direct union, heat is always given forth, and 
the quicker the combination takes place tiie greater is tho 
heat evolved, in some cases rising so high as to give rise 
to ignition and combustion — since all solid substances, 
when heated sufficiently, become luminous. 

Esp. 20.— If water be poured on newly burnt lime, the lime 
swells, breaks into powder, and gives forth intenao heat, some- 
times sufficiently so to set fire to wood-work witli which it may 
be in contact. Barges aud houses have been frequently set fire 
'.0 from this cause. f3 

Exp. 21.— Place in the 
bottom of a flask or test- 
tube about J oa. of powder- 
ed sulpliur, and above that 
put some copper turnings, 
previously made hot; now 
apply heat to the sulphur 
in the bottom of the flask, 
which will melt, and fln- 
aliy boil. As soon as the 
vapour of the burning sul- 
phur reaches the copper, 
tne latter becomes red hot, bums with a lurid red light, melts, 
and falls to the bottom of the Dask, nniting with the sulphur, 
and forming a black sulphide of copper. 

Exp. 22. — If a piece of the metal polasaiam, about tho size of 
a pea, be thrown on the surface of cold water, it will combine 
with the oxygen of the water, setting free the hydrogen; and the 
combination wil] take place with sufficient intensity to set fire to 
the hydrogen, which bums with a pale violet flame, owing to the 
presence of a small quantity of the vapour of the potasaium. 

6. In a mechanical mixture, the proportion of the in- 
gredients may he varied at pleasure, within all con- 
ceivable limits, while chemical action takes place only 
between certain invariable proporlions of the constituents; 
thus, if mercwry (Hg) be heated in oxygen, gas, red scales 
will he foi-med on its surface (oxide of niereuryj, owing 
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to its tmion. with oxygen. If this red powder te collected 
and weighed, it will be found that for every 216 grains 
of the powder the inercury will have lost 200 grains in 
weight. If, as will sometimes under certain circnm- 
stances happen, a black powder be foi-med instead of a red 
one, then, on collecting the powder and weighing it, it 
will be found that the lo^ of the mercury is to the powder 
formed as 400 grains of mercury is to 416 grains of the 
black powder. In other words, the metal merm,ry can 
be made to vmite with the gas oayijgen, by the application 
of heat in the two following proportions ; — 

(1.) 400 parts of m&rmry will take up 16 parts of 
oxygen, ajid give rise to a black powder known as auh- 
oidde of m&fcwry (HgaO). 

(2.) 200 parts of mercury will unite with 16 parts of 
(m/gen, giving rise to a red powder known as oxide of 
mercury (HO). 

But no power with which we are acquainted can make 
mercury and oxygen imite in other than these two 
proportions. 

15. Sammary of Chief ChaiacteiB of Chemical Cotn- 
bination.— The leading characters by which diemical 
attraction is distinguished from all other forces may be 
thus summed up ;-— 

16. "Chemical attraction is a power of extreme energy, 
which acts only on the minutest particles of matter, and at 
distances too smaU to be perceptible. Under its influence 
the elementary bodies, though comparatively few in num- 
ber, arrange themselves into the numberless compounds 
which constitute the different forma of matter in the three 
great kingdoms of nature ; and it is important to observe 
that the proportions ia which they luiite are fixed and 
invariable." That it takes place between different kinds 
of matter with different but definite degrees of force, and 
that, as a rule, the greater the difference between the sub- 
stances the more intense is their chemical action on each 
other. That it is attended by a total change of properties, 
both physical and chemical, with the exception of that of 
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gravity or weight. The compound resulting from a 
cliemicLil union, possesaea properties totally differing from 
those of either of its constituents. The reason of gravity 
or weight remaining unaffected is, that in chemical action 
there is no loss, no destruction of matter, but merely a 
change of form. And, lastly, that where chemical action 
is the result, not of substitution, but of direct union of 
the elements, heat, and not unfrequently light, is mani- 
fested ; the heat being in all cases a direct measure of the 
intensity of the ehomical action ■which takes place. 



CHAPTER ra. 



17. Combining Weights. — In the last chapter it was 
stated as one of the peculiar features of chemical attraction 
that, when it took place, it only occurred between certain 
fixed, definite, invariable proportions of the constituents. 
These fissd, definite proportions, ascertained by the com- 
parison of a large number of experiments, and reduced to 
their simplest and lowest expression, are called the com- 
himing meiffhts of the subatanco. As it is necessary to 
have some standard to which to refer them, chemists are 
now nearly tmiversally agreed to call the lowest proportion 
of hydrogen 1, and to refer the weights of all o'fliers to 
that scale. Thus, the combining weight of hydrogen being 
1 ; that of oxygen becomes 16 ; of nitrogen, li ; of cwrhon, 
12 ; oi sulphur Z2 ; oi merctiry, 200;of»t«o, %5;oiiron, 
5C, and so on. A complete list of the combining weights 
of all the elements is given on pages 13 and 14, with the 
table of the elements. 

18. Laws of Chemical Combination.— The relative 
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proportions ia ■wbicli the elements unite are regulated by 
fixed lawa. TKese laws (four in number) form the basis 
of all chemical science, and regulate the mode of com- 
bination of every known chemical substance, simple and 
compound. They are called the lawa of chemical com- 
bination. 

19. Law I— TMs is called the law of constant com- 
positioQ, or law of definite proportions. It may be 
enunciated as follows : — " The same chemical compound 
always contains the same elements, united together in 
the same proportions." 

Thus, 100 parts of water always contain 88-S (88|) 
parts of oxygen, and ll'l (11 j) parts of hydrogen. The 
weight of tho oxygen ia always eight times that of the 
hydrogen. It does not matter from what source the 
water ia taken, whether it be from the melting of sno^7 
on the tops of the hij^est mountains, from rain clouds, 
fi-om dew, or.from that obtained by cliemica! action, its 
composition is invariable. It is impossible for ns to con- 
ceive water with the same properties as ordinary water, 
but having a diifei-ent proportion of oxygen and hydrogen 
from that above ^ven. So, also, a piece of flint or rock 
crystal, no matter where it may come from, wDl bo 
clways found on analysis to yield in 100 parts 46-6 parts 
of silicon, and 53'4 jmia of oxygen. In fact, experiment 
shows that all true chemical compounds, which have been 
submitted to analj'sis, have a fixed definite composition. 

It is the goneiulity and universality of this law thai 
give to analysis its practical value, since the results aro 
always uniform and certain. 

The converse of this law, however, viz. r " That the 
same chemical elements united together in the same pro- 
portions will always produce the same chemical compound" 
— does not by any means hold good. 

20. Isomerism. — A great many substances have beoa 
discovered amongst oi^anic bodies composed of the same 
elements in the same relative proportions, and yet 
exhibiting physical and chemical properties perfectly dis- 
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tinct one from another — e. g., oil of lemons, oO of turpen- 
tine, oil of rosemary, and many others all contain the 
same elements, united together in the same proportion ; 
so tte crystallized portion of essence of roses and common 
coal gas are chemically identical. To all such l>odies 
the term Isomeric (from lias, equal, and jitpo!, part) ia 
applied, 

21. Law 2, called the law of mnltlple proportions, 
may be thus enunciated — " When two bodies are capable 
of uniting together in tuotb ttian one proportion, these pro- 
portions will hear a simple ratio to eaeh other." 

When simple elementary bodies unite in more than 
one proportion, the compounds so obtained will differ 
altogether in chemical properties, but there .will be a 
regularity in the plan on which they are formed. Thus, 
if A and B be the elements in question, if A he constant, 
B wUl be found to exist in a series of mnltiplca, such as — 

A + B, A + 2B, A + 3B, A+4B, &o., or 
A + E, A + 3 B, A + 5 B, &c., or 
2A + B, 2A + 2B, 2A + 3B, &c,, or 
2A + 3B, 2A + 5B, 2A+ 7B. &c., 

or in some similar series. This is Tery fully exemplified 
in a large nnmber of well known compounds—*, g., those 
of oxygen (0) and hydrogen (H), of which there ai'e 
two, viz. : 



Merauri/ and chlorine form two distinct componnds, 

Calomel, oonBisting o£ 200 parts of mercury and 35-5 parta of 

chkrrine ; 
Corrosive sublimate, conaisting of 200 parts of mercriry and 71 

parts of cftfoHnc; 

f mercury to one combining 
ight of mercwy 
I two combining weights of chlorine. The most in- 
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Btmctive esamplo of this rule ia afforded by the series 
of compounds foi-med by nitrogen and oxygsn. They are 
five in mimber, and the oxygen proceeds ■with marked 
regularity. The analysis of 100 parts of each gives the 
following resnlte : — 





.-.™,™. 


Oxygen. 


Sitrcgcn. OaTfjfn. 


S^.o.. 


NitrouaOmde, 


63-64 


3G-36 


::28 : 16 


N^O 


NitrkOMe, 


46 67 


53-33 


!:28 


32 


N^O, 


Jfrn-ouiAnliydride, 


30 -85 


C3-15 


::23 


48 


N,0, 


mtric Peroxide,... 


30'44 


69-50 


::23 


64 


if^O, 


mtric Anhydride, 


25-93 


li-Ol 


::28 


SO 


^^0, 



Thus it -will he seen that, -while the proportion of 
nitrogen remains constant, being 28, or twice its com 
bining weight 1 i, that of oxygen increases regularly, being 
1, 3, 3, 4, and 5 times its combining weight 16. 

In m.ost cases, the proportion is not alwa-ys so siniple, 
two parts of one element tmiting with 3, 6, or 7 parts of 
another. 

This important law was first clearly established by 
Dalton, and has been made by him the foundation of his 
atomic theory, -which -we have yet to consider. 

22. Law 3. — The third law of chemical combination is 
usually known as the law of equivalent proportions. 
It is sometimes called the law of comhining proportions 
of elements. It may be thus stated, " Each eletnentwy 
avhitfBnce, in comhtning with oOier elements, or in dis- 
placing others from their combinations, does so in a Jixed 
proportion, which may he expressed numerically." 

This law may be also expressed in another way, thus 
— " If a body. A, -unite -with certain proportions by 
weight of other bodies, B, C, and D, those proportions, 
or multiples, or sub-multijdes of them, will represent ala' 
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the proportions in whicli B, C, and D vn^ unite among 
themselves, or with any other bodies, E, F, G, H, &c." 

It ia the full consideration of this law which has en^ 
abled us to detenoLne the " combining or atomic weights " 
given in the first chapter. 

We are hero met with a difficulty in distinguishing be- 
tween " eomhimng or atomic weight" and equivalent,— a. 
distinction, which we shall not fully be able to under- 
stand until WD have discussed the doctrine of equivalenco 
or atomicity. 

The meaning of this equivalence will be seen on com- 
paring the series of chlorides, as follows ; — 

cSSiVtSZ }» c».p...i «■.■• i-i. 41.*., ..« r.« »««,.» 

ChloriiR uf ane „ S5-JJ „ S3 5 „ lino. 

Chloride ^ saner. „ S5-5 „ 108 „ (ilccr. 

Chloride 0/ aipper, „ S5-5 „ iVI!,., copper. 

Chloride qf mercury, .. „ B5"S „ 100 „ merewry. 

So that, in power of combination with the same quan- 
tity, 3S'5 parts of cJdorine, 1 of hydrogen, 32'5 of sine, 
108 of silwr, 31 '75 of copper, iHid 100 of mereury, seem 
to be equal, and might be regarded as equivalents. 

But mercury and copper both form other chlorides, con- 
taining twice the amount of metal above given, viz., 200 
parts of mercuiy, or G3'5 parts of copper, will each 
combine with 35-5 parts otcklorine. Th^e two metals 
then would seem to have each two equivalents. Which is 
the true one, and which is to he taken as the comhining 
or atomic loeight ? In all such ambiguous cases the true 
combining weight is found hy a comparison of tlie com- 
binations of the elements in. question with other elements, 
and notably with oicygen; in the cases in point mercury 
is never found comhining with oxygen, in a lower ratio 
than 200 to 16, and copper in a lower ratio than 63'5 
to 16. The numbers then, 200 and 63-5, are taken 
as the combining weights of mereury and copper respoc- 

23. Law 4. — The fourth law of chemical combination 
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may be stated tliiis — " Tha mmhining weight of a cJiemical 
compound is the sum o/t!i,e comhining weights of its com- 
ponents." Thus — 

HydroiJiIoria acid (■whicli is made up of one part of 
hydrogen, aad one part of cIUoHne), has for its combining 
weight S6'5, which ia obtained aa follows : — 

1 part of hydrogen = I 

1 „ tjiloriae, = 35*5 

Sydrodiloric acid, = 3G5 

So sidpJiuria acid (which is made up of 2 parts of 
hydrogen, 1 part of sulphur, and 4 parts of oxygen,) has 
for its combining weight 98, obtaineiJ as follows : — 

2 parts of Iiydrogea = 2 

1 „ giilphw; = 32 

■I ,, oxygen, = C4 

SiiljiJMrie add, = 03 

And in like manner for all other compounda. This law, 
which necessarily follows from the other laws, and from 
the fact that in chemical combination no loss of weight 
takes place, is neveiliheless Tory importazit ia a practical 
point of view, since by it we are able to regulate exactly 
the amount of any chemical compoimd we must employ 
in order to produce a given chcmic^ effect, without loss or 
waste of materiaL 

34. Atomic Theory. — The atomic theory, for which we 
are indebted to DaJton, presupposes matter to be composed 
of ultimate imdivisiblc particles or atoms (from a, not ; 
TtjUjpM, / «((}, which unite together in various propor- 
tions; that these atoms are in the same element, exactly 
Bimilar in size, weight, and every other property ; that the 
atoms of any one element differ from those of all other 
elements in weight and chemical properties; and when 
union takes place, it must of necessity take place between 
atom and atom, or between a definite number of atoms of 
both elements. It would follow, then that granting the 
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existence of such atoms, and that the atoms of any one 
element must be equal ia weight, while the atoms of 
different elements would differ in weight, chemical com- 
bination, if it did take pla«e, would do so in certain well 
marked definite proportions by weight, viz., the relative 
weights of the different atoms, or in some multiples of 
those weights. All observation and experiment show ns 
thai chemical combination does so take place. 

Aa we cannot explain the facts of chemical combinatiott 
by any other hypothesis, these facts become a strong "a 
priori " proof of the truth of the atomic theory. Still, it 
can never be moro than theory, since it would be im- 
possible that we should ever succeed io isolating an atom, 
and thus obtain direct proof; while, mentally, we cannot 
conceive of any particle, however amaJl, but that we can 
also conceive of its half, or any fraction of it; and mathe- 
matically, it ia possible to demonstrate that space, and 
therefore matter, which occupies space, is capable of in- 
finite subdivision. 
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with a, 6, c, d, &,c., cutting tie oMique line FG ; then, as the 
number of points, a, b, c, d, on the line CD may be infiiiite, it 
follows that the liue JG may be iitfinitely divided, by lines con- 
necting auoh poiats to B. 

Matter has been actually divided to an extent that is positively 
inconceivable, althongli not inappreciable nor immeasurable, 
and yet we are not able to aaaert that we have arrived at the 
nltimate limit; we can ooly say that onr physical means of 
division and measurement are for the present exhausted, e.g. — 

" In the ordinary process of making gold leaf, for example, the 
gold is hammered out so thin that 280^000 leaves would be re- 
quired to make up the thickness of an inch, and a single grain of 
gold is hammered out until it covers a square seven inches in the 
side. Each square inch of thia may be cut into 100 strips, and 
each strip into 100 pieces, each of which is distinctly visible to 
the unaided eye. A single grain of gold may thus, by mechanical 
means, be subdivided into 49 x 100 x 100 = 490,000 visible 
pieces. But this is not all ; if atta^ihed to a piece of glass this 
gold leaf may be snbdivided still further; 10,000 parallel lines 
may be ruled in the space of one single inch, so that a square inch 
of gold leaf, weighing ,V of a grain, may be cut into 10,000 tiinea 
10,000, or 100,000,000 pieces, or an entire graininio 4,900,000,000 
fragments, each of which ia visible by means of the microscope. 
Yet we are quite sure that we have not even approached the 
possible limits of subdivision, because, in coating silver wire, the 
covering of gold is far thinner than the gold leaf originally 
attached to it, since in drawing down the gilt wire the gold con- 
tinues to become thinner and thinner each time, in proportion aa 
the silver wire itself is reduced in thickness." 

" When a substance ia dissolved in any hyuid, the subdivision 
is carried stdl further, and the particles are rendered so minute 
as to escape our eyesight, even when aided by tho most powerful 
magnifiers," — Miller's Cliemical Physics, page 5. 

It may be, and probably always will he, impossible to actually 
demonstrate the physical existence of an atom; but as a celebrated 
modem chemist bsa remarked, "ihai wJiet/ier mailer be atomic or 
■not, tlois much is certain, that granting it to be atomic, it would 
appear aa it now does." 

The late Professor Faradaysums it up in these words— "Seeing 
that all marked cases of chemical combination can be demon- 
strated always to take place in definite proportion, and that, by 
inference, a similar proportionality may be supposed to extend to 
leas marked cases, — seeine that these definite proportions of 
bodies entering into combination are mutually proportional 
amongst themselves, it follows that such definite immutability, 
such proportionality, should most rationally be considered oa in- 
dicating a ponderable ratio between combining elements j and 
10 E. C 



^b, Google 



34 ISORGANIO CHEMISTRY. 

that ths ratio never cliangin^ wouid seem to he intlicative ct 
elementary ponderable moleouies of deterniinata relative weight, 
nnchanging, indivisible, qualities ivliicli wiil be reeognised as 
fulfilling the definition of an atom,' 

Granting, then, (1.) The existeneo of atom^, (2) That tha 
atoms of the same element are absolutely identical in size, weight, 
and all oOier respects ; (3.) That the atoms of one element differ 
from those of another element in weight and chemical propBrtiee; 
and (4.) That whenever combination, takes place between two 
elementa, it oeeurs between them atom to atom— Miller draws 
these three conclusions : — 

"First, That the proportion in which combination occurs must, 
when the same compound is formed, always be definite, since 
that proportion is determined by tiie relative weights of the 
atoms of the combimng elements, and tho atom cannot be sub- 
divided." 

"Sectmd, That when the same el n t unt n Ip po 

tions, these proportions must vary d t th t rm f 

simple aeries of maltiples, since each at f 1 m t ni 

unite with the other element in th at f n f tw of 

three atoms, or in some other ratio qually mpl ma mu h as 
the atom does not admit of subdivisi n 

" Third, That combination must l»o j J U p 

portion, since the eqnivatcnt amounts of each element must be in 
the proportion either of the weights of their atoms, or of a simple 
multiple of those weights." 

The chemist then uses the term " atom," mucli as he 
uses that of " element," uot as expressing an absolute fact, 
but as a convenient term to express what is observed to 
be the case according to our present knowledge. 

25. Combining Volumes — When bodies are capable of 
assuming the form of g^s oi \apour a very simple rela- 
tion exists between the \olunie'ioi bulks of those gases 
which combine togetner an. 1 the bulk of the gaseous com- 
pound formed by then umon. The law is known as Gay 
IiUBSac's law of volumes It is found that ga«es or 
vapotixs unite together 1 v volume either in the proportion 
of equal bulks or in that of one volume to two volumes, 
or one to three volumes, or in some very rare cases in that 
of two to three. Thus equal volumes of hydrogen and 
chlorine unite together to form hydTotMorie add; two 
volumes of hydrogen unite with one volume of oxygen to 
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form water; and thi-co voliimea of hydrogen unite with 
one volume of nitrogen to form ammonia. 

26. Volume Weights.— This arises from the fiict, that if 
equal quantities or voluiiies of the elements in the state 
of gas or Tapour be taken, their weights will lie found to 
be in the ratio of their atomic ■weighte.* Thus — 

ii'i cubic indies of hydrotjtn weigh 1 grain. 



and EO on. 

O i^ uttmg it m IVcnch measure (soe next chapter) — 



Afte umon the vo me of L re tn compo nl 
though f equently 1 e th n the combm 1 vo umo ot ts 
const tuents Leai^ ne ertheless a s mplo lelat on to t 
When gas s combm to ethe e^uaX olum s th y 

generally undergo no change of volume ; sometimes, how- 
ever, the two volumes become condensed to one ; in other 
Cflsea the three volimies become condensed to two, as in 
the caae of water, or even to one. In no case, however, 
do the combined gases occupy a larger space than they did 
when separate. 

la estimating the relation between the volume and 
weight of all gasea and vapours, both simple and com- 
pound, reference must always be made to the temperature 
and pressure to which they are subjected. 

Heat has the property of expanding sh things, but 
gases and vapours expand very largely for any u 

• An exception to this law obtains it 
of phonplcoms, arsenic, mercuT'j, zinc. 
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temperature. It has also beea found, by accurate experi- 
ments, that gases expwnd regviarly for every increase of 
tempea-ature, the rate of expansion, being -^^-^ of their 
volmne at zero or freezing point, for every increase of V 
centigrade. Thus — 

273 volumes or mcasurea of air or gas at 0° C. become 

274 „ „ „ „ rc. 

275 „ „ „ „ 2^C. 

273 + 3! „ „ „ „ a- C, and 30 on. 

The fraction ^^^ is represented by the decimal fraction 
0003665, and so— 

1 volume of air or gaa at 0* C. becomes 

1-003G65 „ „ „ rc. 

1 '007330 „ „ „ 2-0. 

1010995 „ „ „ 3°C.. 

and so on, the pressure in all cases remaining tlie same. 

But the volume which a given quantity of gas occupies 
at any temperature depends also on the pressui-e. If the 
pressure uader which the gas exists be removed or 
lessened, the gas will immediately increase in eize or 
volume ; and if the pressure be increased, the volume of 
the gas will be diminished regularly. The law according 
to which this takes place was discovered by Boyle in 
England, and by Mariotte on the Continent, independently 
of each other, and known as the Law of Boyle and 
Mariotte. It may be thus enunciated — "The temperaUtn 
remaininff Hie same, the volums which a gaa occupies varies 
INVEESBLY OS the pressuTS to whidi. it is avigeoted ; or, (As 
density of a gas is proportionate to its pressure." Thus— 

1 Yolnrae or meaeure of air or gas under 1 pressure will become 

3 vols. 



1 vol. or measure ot air or gas under 1 pressnre willbecoai© 
J vol. „ measure ,, 2 „ 

i vol. „ measure „ 3 „ 

and so on, provided the temperature remains the same. 

hoEiocb/Cooglc 
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If the temperature and t'le pressure both vary, the 
Tolume of the gas ■will Tary, directly as the temperature, 
and inversely as the pressure. 

The standard temperature and pressure at which the 
volumes of gases and vapours are recorded, are 62° P., and 
barometer at 30 inches ; or, in French measure, 0° C, and 
barometer 760 m.m. (= 29'9 English inches). 

If the volume of a given quantity of a gas, at other 
than the normal temperature and pressure, he required, 
the corrections for each must be made separately, as in tho 
following examples : — 

1. 100 cubic inches of a gas are taken at 15° 0. What 
volume will they occupy if the temperature bo raised 
to 20° C. t 

Now, since gases expand ^^j of their volume at 0° C. 
for each degree centigrade, 



t.e.,100cubicinche3ofga3atl5''O. = 04-702cub.in.at0°O. 
Again — 

vol. at 0" 0. vol. at IV C. -vol. at 2(f> C. toL a,t 30° C. 

vol. at 10" C. vol. at 0° C. vol. at 20" C. vol. at 10° 0. 

And X = 1017364 cub. in. Answer. 

i.e., You first reduce the given volume of the gas at tho 
given temperature to its corresponding volume at 0' C, 
and then by means of the fraction ^^j, you can find itz 
volume at the required temperature. 

2. 100 cubic inches of a gas are taken when tho baro- 
meter stands at 31 inches, what volume will it occupy if 
the barometer sink to 28 inches t 

The observed volume is taken at 31 inches, while tho 
required volume is to be at 28 inches, and as gases expand 



^b, Google 



38 ISORQASIO CHEMlSTIir. 

inveraoly as the pressui*, the voIiuhg at 28 im 
= ts of ■^ol. at 31 inches bar, 

cub. inches, 
Hof 100 = V of 25 = '?» = 110-714285, 

This law of variation for temperature and j 
holds good for all gases, and for atmospheric air. TJie 
modification necessary for vapours, and for condensiblo 
gases when near their point of condensation, mil bo 
' ■ a the Advanced Series. 



CHAPTER IV, 



Trench Mid English Systems of Wta^lits and Ilea 

varsion o£ English into French Weights and Meaaurea— Tlie 
Crith and its IJBes. 

27. The aecarato use of the haJance, or in other words, the 
determination of the size and weight in which suhstances 
enter into combination, cannot be over-estimated in 



By weight wc understand the force with which gravity 
acts, and which at the same place is aiways constant. 

The selection of a standard of comparison for titis force 
IS purely arbitrary. In England we make nse of a certain 
weight called a ponnd Avoirdupois; this we stibdiTide inttf 
7,000 parts, which we call grams, and we have further 
agreed to call 5,760 of these grains a ponnd Troy (the 
Weight used for gold, silver, or precious stones). In 
chemistry it is customary to use Avoirdupois weight. 

The system of measures is connected with that of weight 
by the definition of a gallon as a measure which shall con- 
tain 10 lbs. of distilled water, at a temperature of 60° F, 
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(15'5 C), and tho barometer standing at 30 inches, A 
gallon of distilled water thns weighs 70,000 grains. 

These measures are, on the other hand, connected witi. 
those of length, by the determination that a gallon con- 
tains 277'276 cubic inches; consequently a cubic inch of 
water at 60° F, barometer at 30 inches, weighs 252'4597 
graina, or, in round numbers, 252-46 grains, or very nearly 
252^ grains. 

The French use a decimal system of weights and 
measures, both of capacity and length. They adopt aa 
the imit of their system the metre (frequently written 
and pronounced meter in English works) ; hence this 
system is generally known as the metric system. 

The metre (equal to 39-37079 inches, a little more than 
an Ei^lish yard), was assumed to he the , o.b ' o'o.ooo ^^ I®^ 
of the earth's quadrant (from the equator to the poles, aa 
determined by French geometricianH),* and a bar of metal 
of thia length was carefully prepared and deposited at 
Paris as a standard metre for future reference. 

The divisions of the metre are distinguished by the pre- 
fixes de<A-, centi-, and miffii-: so that a decimetre is ^J^ of a 
metre, a eentititelre -yI^, and a mUKmetre tb'boi of a metre. 

On the other hand, the multiples of the metre are dis- 
tinguished by the prefixes deca-, hecto-, and kilo-, bo that — 

10 metres eqaal to 1 decametre. 

100 ,, „ 1 hectometre. 

1,000 „ „ 1 kilometre. 

The measures of capacity are connected with those of 
length, by taking as ^e unit the contents of a cube whose 
side is equal to 1 decimetre (3'937 inches). This quantity 
is called a litre (equal to 1'7637 English pints), and haa 

* Later and more accurate observations have demonstrated 
that this meaBitrement of the earth's quadrant is in error to the 
extent of about IJ milea, so that the metre is very nearly, but 
not exactly, xB.isir.Tiinjth part of the earth's circumference. This, 
however, does not iaterfej:e with its value aa the unit of the metric 
system. 
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i divisions and nmltiples the same prefixes es tto 



3 lilre equal to 1 millUUre or C'iUc eaitlmttre, c.c. 
\ cenlilUre or 10 „ c... 

1 dvcilitre or lOt) , d.:. 

1 decalitre. 
1 liedoliiir, 
1 kilolUre. 
1 ■myriolUrc. 

And, lastly, the Gystem of weights ia connected witli 
both those of length and capacity, by assiunmg as the 
unit the weight of 1 cubic centimetre (c.c.) of distilled 
■water, at a temperature of 4° C. (39-3 F.) This is called 
a gramme (equal to 15'432 English grains), and is divided 
into tenths or decigrammes, hundredths or centigrammes, 
and thousandths or milUgramm.es ; while, in the same way 
as with the m^eVre and 1/itre, we have decagrammes, hecto- 
grammes, kSogra/mmes, and 'mynagrammes, for 10, 100, 
1,000, and 10,000 grammss respectively. 

The Utre, as it contains 1,000 cm6i'c centimetres of dis- 
tilled water at i° 0., is thus equal in weight to one Hlo- 
gramm,e. 

The kilogramme is the commercial measure of weight 
in use in IVance, 

The decimal or vnetria system is found in many respects 
to be so convenient, that it is universally adopted in all 
scientific researches abroad, and is daily gaining ground 
among scientific men in this country. In this little work 
we shall give all weights and measures in the metric 
system, but shall add in brackets the nearest approxima- 
tion in English value.* 

S8. Conversion of French System into Englisli. — The 
following table will also materially assist in the conver- 
sion of French weights and measm-es into English : — 

1 ohemiBtry, that it has 
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FcEscn. 


EKOLisn. 




renti^ramme 


■15432 gtaina troy, about igrain. 






1-6432 „ „ It „ 


■^_ 


Cramme 


15'432 „ ,,15^ „ 




Dei-agramme 


154-32 „ ncarlyj oz. 


^ 


Heotogrimme 


1543'2 „ „ 3i „ 




Ljlogramme 


15i32 „ „ 2ilba. 


. / 


MiUimetre 


■03937 iuohes, about i^ir inch. 


s 


Cntimetre 


■3937 ,. .. ? .. 


a- 


Decimetre 


3-937 


, „ i foot. 


Metre 


39-37 


, „ 3ifeet. 




393-7 


, nearly 11 yards. 






3937-07 


. .. 110 „ 




Kilometre 


39370-7 


, about fmile. 


'^ 


Mjnlimetre 


393707-9 


„ 61 miles. 




Mdlilitre or 
Cubic centimetre 


1 ■061 cubic inolies, about iV cub. in. 




Litre 


61-027 „ „ lipiiita. 




Decalitre 


610-27 „ „ 2+ gallons. 




Hectolitre 


6102-7 „ „ 22 



1 inch = about 2|- centimetres. I 1 yard = about t"„ metre, 
1 f oot = „ 3 decimetres. I mile — „ 1^ kilometre. 
1 cubic iceli — about 16i c.c. | 1 cubic foot = about 28i litres, 
1 gallon ~ about 4^ litres. 

1 grain, — about ,'5 gramme. 

1 oz, troy, = „ 31iV ,, 

1 oz, aToirdupois, = „ 2Sj ,, 

lib. , = „ A kilogramme. 

Icwt. ,, = „ 50* „ 

S9. The Crith and its Uses.— The mtf* (from ^^,0,,, a 
barleycorn), used figuratively to denote a small weight, ia 
the term proposed by Dr. Hofmann, and since universally 
admitted, to indicate the ahsoluto weight of 1 litre or cubic 
decimetre of hydrogen gas at the normal temperature and 
pressure, -viz., temp. 0° C, and pressure, barometer, 760 
millimetres of mercury. 

Of this hydrogen unit Dr. Hofmann says, " The actu^ 
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■weigM of this* cube of hydrogen, at the standard tempera- 
ture and pressure mentioned, is '0896 gramme ; a figure 
■wliieh I earnestly beg you to inscribe, as with a sharp 
graving tool, upon your nieniory. There is probably no 
figure in cliomical science more important than this one 
to be borne in mind, and to be kept ever in readiness for 
use in calculation at a. moment's notice. For this litre 
weight of hydrogen - -0896 gramme (I purposely repeat 
it) is the standard m.ultip]e or co-efficient, by means of 
■which the weight of one litre of any other gas, simple or 
compound, is computed. Again, therefore, I say, do not 
let slip this figure, -0896 gramme." 

If we call the weight of 1 litre of hydrogen 1 criHi, as 
the wdght of equal volumes of gases will be in the propor- 
tion of their atomic weights, the weight of 1 litre of 
oxygen = 16 criths, of 1 litre of nitrogen = 14 criths, 
and of 1 litre of chlorine gas ~ 35-5 criths, and so on; 
while their absolute ■weight in grammes will bo obtained 
as follows : — 

Ditceotoxijgen =lGerithB=16'< ■08DGgramme3=l-433Cgr!immea. 
1 „ ntlrogen^U „ =I4x-0S96 „ =1^2544 „ 
1 „ chlonne^35-5„ =35'5x ■08S6 „ =3-1808 „ 

So, in the case ot compound gases, 1 vol. of hydro- 
gen unites ■with 1 vol. of chlorine to form 2 vols, of 
hydrochloric add (HC!) = 36-5 by ■weight. Hence 3 
vols, of HCl weighing 36'5, 1 volume must iveigh anls 
= 18-25 ; the weight therefore of 1 litre of hydrochloric 
acid gas, at tho normal temperature and pressiu-e, equal to 
lS-25 critha = 18-25 x "0896 grammes = 1-6351 



grammes. 

So 2 vols, of hydrogen unite with 1 vol. of oxygen to 
form 2 vols, of vxiter vapotcr, which weigh IS units, 
therefore 1 vol. of water vapour must ■weigh ^ or 9 units, 
and consequently 1 litre of water vapour = 9 crilhs = 
9 >: '0690 grammes = -8064 gravrvmes. 

In the same way, 2 vols, of hydrogen and 1 of sulphur 
unite together and form 2 volumes of Jiydrogen sul- 
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pMde; no^v H„S measures 2 volumes, and weighs 2 
+ 33 = 34; tliereforo 1 Toluiue of H„S = 17 units, 
and consequently 

IM^saliydroQensuJpltide^yi ct\i\s-=n x -OSOG grammes 



Lastly, 3 vols, of hydrogen ( = 3 eriths) unite with 1 
voL of nitrogen (=14 eriths) to form 2 vols, of ammonia 
(H,N), (= 17 eriths); IvoLofHjN = y = 8-5 eriths, 
and therefore — 

1 litre of ai 



Thus, the actual weight of a litre of any gas, simple or 
compound, at the normal standard of temperature and 
pressure, may he ohtained by multiplying its atomic 
weight by -0896, the standard weight of a liti-e of 
hydrogmt. 



CHAPTEB V. 



Principlpa of Chemical Nomenclature — ClaBEifictttion of Elements 
into Positive and Negative— Symbolic Notation— Chemical 
Formnlie— Chemical Eyuations. 

So, The prineiple on which the system of chemical nofliett- 
clatnre is founded is, that in the ease of the elements, the 
name shall }^ve some idea of the nature, properties, and 
affinities of the substance ; and in that of compounds, that 
it shall indicate the composition and constitution of the 
body to which it is applied. 

In the case of the dements, with some few exceptions, 
this object has been attained; but in that of compounds, it 
is difficult in a science like chemistry, where new dis- 
coveries are conthmally altering our views of the con- 
stitution of bodies already existing, or bringiag tcesk ones 
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to our knowledge, to devise a system of nomenclature 
which shall at tlie same time be sufficiently precise to 
express all existing viewa, and sufficiently elastic to 
embrace all new ones. On thb account chemical nomen- 
clature may be regarded as in a somewhat unsettled and 
unsatisfactory condition. In naming many salts, no less 
than four different usages prevail. Thus the salt, whosa 
composition, is expressed by the formula K^SO,, ia 
known by the four following 



We shall perhaps better be able to explain the most 
general method on which the systematic names are con- 
structed, if we first draw the distinction which is observed 
between the elements with respect to their electrical pro- 
perties, or their division into hasylous or ehctro-podtive, 
and ddorous or elecfro-negaiive, elements. Chemical com- 
pounds are freely decomposed by electricity; when so 
decomposed, those elements which appear at the positive 
pole are called electro-negative, while those which appear 
at the negative pole are called electro-positive. The 
terms fowyfottsand cMorous must be left without explana- 
tion for the present. 

It is somewhat difficult to arrange the elements in an 
electrical series, seeing no two observers exactly agree. 

Dr. JFranklMid gives the following eight elementa as 
being negative or chioroua towards the remaining fiftj^ais 
elements, which ate always more or less basylov^ : — 

Fluorine. Oxygea 

Chlorine. Sulphur. 

Aromine. Seleuium 

Iodine. Tellurium. 

It must be borne in mind that the difference betweon 
the two classes, the electro-positive and electro-negative, 
is one of degree only. Mercury, for instance, is negative 
to Bodimn, and positive to iodine. The elements may be 
arranged in audi a secies that any one in combination is 
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electro-positive to any following, imt electro-negative to 
all preceding ones. The following, table, taken from 
Perguson's Mkctridty, page 122, agrees in the main witli 
the order given by Berzeliua, 



In this table oxygen is put as the most negative, bnt 
later researches have shown it to be almost certain that 
chlorine and its allied elements bromine, iodine, and 
fluorine, should stand at the negative end of the series. 

31. Komenclature of Compounds.— The simplest pos- 
sible chemical compound is one formed by the union of 
two elements, and called a Innary compound. The namo 
of the positive element is placed first, with the adjective 
termination ic ; and that of the negative element last, 
■with the termination ide ; thus — 

Mercury and cliJorino proJnce merourio chloride. 

Silver „ bramino „ argentic bromide. 

Potnasmm,, iodine „ potasaic iodide. 

Iron „ sulphur „ ferric sulphide. 

Sodium „ oxjgen „ aodic <ixide. 

And BO on. The same elements sometimes form two dis- 
tinct compounds, as, for instance, iron unites with two 
different proportions of chlorine. To distinguish these, 
the name, " FerruTii," of the iron (the positive element) ia 
made to terminate in "owe" and "io," respectively, viz., 
" 0U3 " for lie compound, which contains the least quantity 
of chlorine (the negative element), and "io" for that 
which contains the larger quantity of chlorine ; thus — 
fferi-oas ddortde, FeCl^. Ferric Chloride, /VaCTo." 
In cases where more than two compounds are formed 
• For expbnation of these and succeeding symbols, see page 13, 
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by tlio same elements (which ia very rare), they are dis- 
tiTiguishcd by the prefixes hypo- (beneath), and j^er- (hyper, 
above). 

Many of the biiuiiy compounds formed by oxygen have 
the property, when add(^ to wator, of aci^niruig add 
characters. 

The term acid was ori^nally applied to all substance 
■which ■were soluble in water, had a distinctly acid or sour 
taste, and possessed the property of turning a vegetable 
blue colour red, Tinctui-e of litmus, which is of a blue 
colour, is exceedingly sensitive to the action of an acid ; 
and paper stained with this tincture (litmus paper) is the 
test which the chemiat applies to detect the presence of 
an acid. 

Ail bodies which come under the above definition are 
still regarded as acids, but the term " acid " has now re- 
ceived a much more extended signification, 

32. rrankland's Definition of an Acid.— It may be 
now defined to be a compound containing one or more atoms 
of hydrogen, which are capable of being displaced by a 
metal, eithet pai-tiaUy or entirely. 

Thus, hydrogen and chlorine unite together in equal 
volumes to form hydroGkhric add ; if, now, the metal zinG 
be added to this, fiie acid is decomposed, >Andc chloHda 
or cfdoride of siiio is formed, and the hydrogen is set free. 
The change is represented by symbols, as follows — 

3 Ha + Zn = ZbCIj + H,. 

Or in the case of acids containing oxygen, if the metal bo 
presented in the form of a hydrate, the metal combines 
with the acid, and water is set at liberty ; thus, if sodic 
hydrate be mixed with nitiic acid, sodic niti'ate is formed, 
and water set at liberty. The change may be thus 
BymbolicsJly represented — 

HKO:, + NaHO = NiLNO, + H,0. 
Nitric acid. Sodic hydrate. Sodic Nitrate. Water. 
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All acida wliich contain oxygen^ have tJieir names 
formed by adding the termination "ie" to the name of 
the element ^¥iich is combined ■with the oxygen, or else 
to an abbreviation of the name ; thus, sulphur and oxygen 
fonn sulphuric add; nitrogen and oxygstt, nitric acid; 
^liospliorvx and oxt/gen, phosphoric acid ; cwrhon and 
03»/gen, carbonic acid, and ao on. In the case of the 
element forming two acids with different proportions of 
oxygen, the one with the lowest proportion of oxygen is 
distinguished by the termination " Qvs," while that with 
the higher proportion receives the termination " ic." Thus, 
we have sulp/mroua acid, and sidphuric acid, nitrous and 
nitric acids, plwspfiorous and phosphoric adds, and so on. 
When the elranent forma more than two acids with 
oxygen, they are diatinguished by the prefixes hypo- and 
per-; for example, oxygen and chlorine form four acids, as 
follows : — 

Hypochhrma acid, CmO. I adorkadd, ClHOa. 

CMorcius acid, CIHO,. | Perchloric acid, CIHO4. 

The use of the prefix "per " is generally limited to the 
compound containing the largest known pioportion of 
oxygen. 

Some acids do not contain ov>/gen, but ha\e sulphnr 
instead ; these have a prefix aviphr- or sijpko- Thus a 
union of sulphur, arsenic, and hydrogen produces sulph 
arsenic add ; while one of sulphur, hydrogen, and im pi 0- 
dnces sulphostannic acid. In these acids, as m the case 
of the oxygen acids, the less or gi-eater proportions of 
sulphur present are denoted respectively by the termina- 
tions "Otis" and "ie." 

When an acid is formed by the binary compound of 
hydrogen and another element, it takes the prefix hydr- 
or hydro-; in this case the terminations " ia " and " otie " 
are not needed, since no element forms more than one acid 
with hydmgen. 

3 hydrochhrie, 
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When a proportion, of water is aljstracted from any 
oxygen acid the residue ia called, an anhydride; thus — 

H,SOi — H,0 = SO,. 

Sulphuric Acid, Water. Sulphuric Aiiliydride, 



33. 38Se. — other binary and ternary compounds which 
never hecome acids, but which under all circumstances 
combine with the acids, and either neutralize them par- 
tially or entirely, are called bases. 

34. Alkali. — Those bases which neutralize adds entirely 
are called alkalies. 

The term alkali is of Arabic origin [al, the ; kali, plant); 
and was given in the first instance to aodic carbonate, 
which was obtained from the ashes of plants. It ia now 
extended to a large class of substances, which, like scdio 
carbonic, are soluble in wat«r, possess an acrid, nauseous 
taste, restore the blue colour to vegetable infusions which 
have been turned red by an acid, and turn many vegetable 
blues green, as for instance, the solationa of blue cab- 
bage or of litmus. Alkalies also turn vegetable yellows, 
as those of rhubarb or turmeric, brown; but this test is 
not so delicate as that of its power of neutralizing an acid 
by restoring the blue colour to litmus paper which Las 
been feebly reddened by an acid. 

The hoses then may be divided into two classes — First, 
The oxides of metals ; Second, Compounds of metals with 
a certain substance called hydroxyl (H^Oj) ; these com- 
pounds are called hydrates. Some of these oxides and 
hydrates possess the power of entirely neutralizing or 
destroying the characters of the acids ; these ore called 
aikalies. To the latter class must be added anvmoHia 
(HjN), which, though neither oxide nor hydrate, forms 
nevertheless a powerful base and alkali ; it is a type of o. 
numerous class of bodies met with in organic chemistry. 

The first class of bases, the ' oxides,' are named strictly in 
accordance with the law given for the naming of binary 
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eorapounda, as haric oxide, magnesie oxide, and so on. 
"When two oxides are formed, they are disting\ushed as 
before by the terminations "ojts" and "ic," When more 
than two oxides are formed, the number of atoms of osyygeih 
tothoseofjM^io^aresignifiedbyprefixes, as di-, Iri-, teira-; 
or in some oases the first oxide is called the mtmoxide ; 
the second, the hinoxide. In all cases the highest com- 
pound in a series often receives the prefix per-. 

When the elements combine toge^er in the proportion 
of two atoms of the one to three atoms of the other, the 
prefix "sesqui-" (one and a half) is employed, as sesqui- 
oxide o/iron, (Fe.O,). 

The oxides of the following metals, whose names end 
in "wm" or "ium," are also known commonly by tlio 
following names : — 

Mbtals — OtiDrs — 

Pofasstum, Polaisa 

Cfdeium, Lime 

Slronltim, Strontta 

Barami, Baryin 
Abnmna'Ta, ilaiiuaa 

Magnsstam, Ma /nfiia 

Oluctnum, Glucina 

Zirtmnum, Z>rcojiia 



The bases o£ the second class or hydrates haye simply 
the name of the metal or positive element with the termi- 
nation "om" or "ic" before the rmaiQ hydrate formed 
from hydroxyl, e.g. 


Potaasic hydrate 
Sodic hydrate 
Zineio hydrate, 




EHO. 
NalTO. 
ZnSHO. 



35. Salts. — When an acid and a base-nnite together a 
«aft is produced. If the a«id contained sulphtvr instead of 
omfgmi, it is called a sulphosalt If the acid contained 
neither sulphur nor oxygen, it ia called a haloid salt {s\i, 
sea-salt) ; hut if the acid be one containing oxygen it is a 
salt proper. 

10 b. d 
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The nomenclaturo of the salts is exceedingly simple ; 
those ■which are formed from acids terminating in " ows" 
receive a termination "ite"; while those formed by an 
aeid ending in "ie" are made to terminate in "ale." 
Thus, a salt formed by sulphurous or nitrotts acids, would 
he named a eulpMte or nitrite; while those formed by 
8u^7^wno or nitric acid, would reeeire the name of a, 
sulpfiate or nitrate. Any prefixes added to the acid 
would also be carried on to tiie salt : thus, a salt formed 
}}j hyposvlphurous actrf would be caOed a hyposulphite; 
while one formed by percldoric acid, would be called a 
iiercMorate, and so on. 

36. Symbolic Notation. — It has been already remarked 
tbat chemists, for the sake of convenience, have adopted 
a principle of notation by symbols. It is a tind of short- 
hand, which greatly abridges the labour of description, 
and enables the chMiges and i-eactions that tate place to 
be briefly and clearly represented, even when they are of 
a most complicated character. Por tbe elements, the 
initial letter of their Latin name is made iise of; and, in 
the case of two or more elements commencing with the 
same letter, the single initial is reserved for fiie earliest 
discovered or most important element ; the others being 
distinguished by the addition of a small letter to the 
initial one. Further, these symbols represent not only 
the element, but one atom or combining proportion of the 
element. When more than one atom or proportion of tlie 
element is intended to be represented, it is done either by 
writing the number before tlie symbol of the element; or, 
now almost universally, by writing a small figure to the 
light of the symbol, and below the line. Thus, H would 
stand for one atom of hydrogen ; SH, or, more correctly, 
11^, for two atoms ; H^, for three atoms, and so on. 

37. Chemical FormulBB, — When a compound body is 
intended to be represented, the symbols of its constituent 
elements are simply placed in juxtaposition. Thus, HCl 
is the symbol for hydrochloric acid; HjO is the symbol 
for water; Ag.fi for argentic oxide ; HJiOiior sidphnric 
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acid. Sucli a group of two or more symbols is called a 
chemical formula. We may tten define a chemical 
formuh, to be " tke expression, by symbols and nnmbers, 
of the composition of a ciiemical compound." 

In the ordinwry symbolic language, the symbol of tho 
moat electro-positive element is placed first in the formula. 
Thus, ■waier is written U^O, not OH^ ; ammonia is H3N, 
not JfHs, and so on. 

When a comma is used to separate the members of a 
formula, these members are represented as united chemi- 
cally, and a more intimate union is supposed to exist 
than when the members are separated by a period. 

A large figure placed, before a symbol midtiplies every 
Bymbol and figure up to the next comma or + sign; e.g. 
SBaNjOs indicates BaaKaO^, or three parts of nitrafe of 
baryta. But nitrate of baryta may also be written 
BajSNOj, indicating that one atom or proportion of 
barium, is united with two atoms or proportions of JVOj, 
in which case, to express three atoms of the salt, a 
bracket must bo employed. Thus, SfBayZNO,), as other- 
wise, on account of the comma, the 3 would have multi- 
plied only tho Ba, and not the SNO,, Brackets are not 
now much employed, but, when they are, the effect of a 
number before tliem ia to midtiply al! the terms within 

The -I- sign should never be used to connect together 
the constituents of tho same compound, but only when 
two different bodies are added to or mixed with each 
other. 

The - sign indicates abstraction, but it ia seldom 
employed. 

The formula for sulphate of zinc is sometimes written 
2nS0^, andsometimes^w0,50,. In the first, it is merely 
intended to represent the actual composition of the salt, 
without in any way asserting how its component atoms 
are linked together. Such a formula is called an empirical 
formula, and may be regarded as a simple statoment of 
fact involving no theory whatever. In the second case, 
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the fomnila asserts tkat one atom of oxygen is united with 
one atom of zinc to form oxide of rinc, which again unites 
itself to one part of sulphuric anhydride (SO,) to form 
mdphate of oxide of x,%vc, or more briefly, sulpiuxte of zinc, 
or tdtuxc sulpltate. Such a formula is called a rational 
formula, because it attempts to account for the way 
in whidi the constituent atoms are grouped together. 
Such a formula may be, and probably is, true in the 
majority of cases ; but it must ever be borne in mind that 
it is only theory. 

38. Cbemical Equations.— The changes or reactions 
which take jfiace imder the influence of chemical action 
may be represented in two ways — either by means of a 
diagram, or by an equation. 

If we mLx together solutions of eoimnon salt (sodic 
chloride) and argentic nitrate in proper proportions (sodia 
cidoride, NaCl = 68-5 ; argetdic nitrate, AglfO^ = 1?0J, 
the sodiwm and the silver change places, and sodium 
nitrate and wrg&Uio chloride are formed. This double 
decomposition, as it is called, may be represented by 
a diagram, as follows — 



i,f|,fl /ArgenU 
*'" " , Hitrale 

This change may be, however, better and more simply 
represented by means of an equation, in which the sub- 
stances as they exist before the reaction are placed on the 
left hand side, while those which are formed by the re- 
action are on the right. Thus — 

NaCl + AgNO, = AgCl + NaNOj. 



^b, Google 



The sign = in a chemical equation does not mean 
" equal to," bnt is to be regarded rather in the sense o1 
"yields" or "prodxices" or "is converted into." Thus — 



CHAPTER VI.* 



Atomioity of Elements — Classification, according to Atomicity — 
Graphic Notation — Simple and Compound liadicals— De- 
fiaitJon o£ a Compound EadicaL 

39, The combining or atomic weights of the elements were 
formerly called eqiii^alcnt niunbers, as these proportions 
were considered equal to each, other in chemical combina- 
tion; but more accurate knowledge shows us to have beenin 
error. We now find that the atoms of the different 
elements are by no means equal in chemical combination. 
For instance, sulphuric acid has the following formula, 
HjSO^; if we now put to it sodium or potassium, we find 
that for every atom or equivalent of metal taken up, one 
atom or equivalent of hydrogen is set free, as shown by 
the following equations; — 

V H. 
+ H. 

While if zinc or iron be added to the sulphuric acid, for 
every atom or equivalent of metal taken up two atoms of 
it free, as follows; — 



* The whole o£ this chapter is, by Profeaaor IVankland'e kind 
permission, taken from his Lecture JfoUe for Cliemical Sliuiertia, 
m many parts the passages being copied veiialbn. 
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So that, wMe the atoms of K and Na are capaHe of n> 
placiog only one atom of H in a, chemical combination, 
those of Zn and Fe can replace two atoms of H ; clearly, 
then, the atoms of K or Na are not equivalent to either 
those of Zn or Fe. 

If we regard the following series of compounda aa 
typical, viz. : — 

Hydrochloric Acid, HCl. 

Water, H,0. 

Ammonia, II jN. 

Marsh Gas, H,0. 

We shall BCe that atoms of CI, O, N, and C reqaire, or are 
cajjable of combining with, 1, 3, 3, and 4 atoms of H 
respectively, or, in other words, that oxygen has twice, 
liitrogen three times, an.d earhon four times, the atom 
fixing power, as far as hydrogen is concerned, that chlorine 

Again, while hydrogen and chlorine combine together 
atom to atom, as in hydrochloric acid (HCl), other elements 
are capable of taking up different numbers of atoms of 
chlorine, as in the following series; — 

Hydrochloric Acid, HCl. 

Baric Chloride, BaCI,. 

Auric, „ AuClj. 

Platinic „ PtCl,. 

Autimouic ,, SbClj. 

Thus, one atom of barium combines with two atoms of 
cJilorine, and is therefore equal to (in combining power) 
two atoms of hydrogen.; in like manner one atom of gold 
may be regarded as equal to three atoms of hydrogen, one 
vi platinimn to four atoms, and one of antimony to five 
atoms of hydrogen. 

From this we see clearly that the equivalents of ele- 
ments are not necessarily their atomic weights, 

40. Definition of Atomicity. — By equivalence or qitcmli- 
valence or atomicity of an element, we mean the number 



^b, Google 



OP ATOMICITY. 55 

of atoms of hydrogen (and therefore also of chlorine) 
which it is capable of repliwiing in a compound. 

41. Monads. — Those elements ■which, in combination, 
only replace one atom of hydrogen or chlorine are called 
monads, monequwalent, or univalent elements. The chief 
are, Na, K, Ag, Br, I, F, &c. The compounds they form 
are, S'aGl {sodic cfUffHde), KCl {poUtmc chloride), AgOl 
(argentic ddoride), HBr iliydrobromio add), HI (Hydri- 
odic acid. 

42. DyadB. — Elements ivhich, like oTiygen, harium, 
eald'um, &o., are capable of replacing two atoms of 
hydrogen in combination, are called dyads, diequivalent 
or diwdent elements. 

43. Triads. — ^Those which, like gold and h<yron, can 
replace three atoms of hydrogen, are called triads, fri- 
equivalent or frivcdettl eletaents. 

44. Tetrads, — Tetrads, tetriquivcdent or tetravalent 
elements, are those which, like carbon, tin, silicon, platinn/nt, 
lead, &c., can replace /oMr atoms of hydrogen. 

45. Pentads. — Pentads, penfeguivalent oi- pentamale'rvt 
elements, are those which, like nitrogert, phosphorus, &c., 
can replace j?«a atoms of hydrogen. 

46. Uexads. — Hexads, liexequivcdent or Jiexavalent 
elements are those which replace sic atoms of hydrogen, 
e.g. sulphur, iron, cobalt, nickel, &c. 

The following classification of the atomicity of elements 
is taken from Dr. Frankland's Lecture Notes for Chemical 
Students, page 32. It is not quite in accordance with 
that giTon by the late Dr. Miller or by other authors ; 
but it is, we think, the one most easily understood and 
proved. 
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In the symbolic notation the atomicity of the elements 

hoEiocb/Cooglc 
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la marked by accents or equivalence mavka, and. Roman 
uumerala placed above and to tbe right of tbe symbol; 
ttns, H', 0", B"S C", N°, S-^. 

47. Giaphic Notation. — In the graphic notation the ele- 
ments are represented by a ball having the symbol of the 
element inside of it, and having as many rods or pegs 
proceeding from it as mark its atomicity ; thus hydrogen, 

(h) ; oxygen, -<§)-; boron, "W"; carbon, -(c> ; nitrogen. 

These rods or pegs are regarded as forming points of 
attachment for other bonds and jjcgs of other atoms either 
of the same or different elemenfe. Thus, an atom of 
hydrogen cannot exist independently, as (K), there being 
a bond unsatisfied ; bnt two atoms of hydrogen, forming 
a molecule,* can exi^t, the bonds of each mutually satisfy- 
ing each other, tims, @~-(r-@ It is yet a disputed point 

whether the bonds of the same atom can satisfy each 
other; thus, whether the atom of oxygen can exist alone 

in this manner, /&\, or whether we must regard it as a 
molecule, thus, (o)=@ . Dr. Frankland seems to regard 
it as possible that the bonds can satisfy each other ; and 
in a large number of compoimds wo can explain the 
facts in no other way than that they do satisfy each 

Hydrochloric acid may ho thus graphically represented, 
Water, thus ®-@-@. 



• A molecule is regarded na the smallest pottion of ; 
or compound which is capable of » separate chemical e> 
maf ao&aiet of two or mors !itoms. 
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Mai/nesic oxide, tJius, @^?=^, (both elements being 
dyads). 

Ammoniii, tlius, ^ ; and so ou. 

® 

The element nitrogen appears as a (Had in ammoniaj 
2ffHj \J auci as a pentad in ammonia chloride, 

@ 

Again, sulphur appears as— 

Dyad in Hydria sulphide, S''Hj (Ji)— (s)— (h) 

Tetmd in Sulphurous mikydride, S"0 , gK?)^ 

Hexad in Sulphurie anhydride, S'''0^ 

It is then a law, to which there are no real exceptions, 
(the apparent ones admit of a simple explanation), that 
though the equivalence of an element may vary, it does 
so always by tlie addition or subtraction of an even num- 
ber — Le., a pentad element may become a triad, or even 
a monad, but can never, under any circumstances, be- 
come a dyad, tetrad, or hesad ; so again, a hexad may 
in some combinations appear as a tetrad, or a dyad, aa in 
the cases of sulphur quoted above, hut can never be a 
monad, triad, or pentad. In other words, an element 
having an even equivalence cannot ever become odd- 
equivalent; nor can an element which haa odd equivalence 
ever possess even equivalence. 

4S. Perissads and Artiads. — On this accountDr, Odling 
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Bas proposed to divide the < 

" perissada" and " artiads," (from, irt/jio-o-o!, imevcii, odd; 

and npTiDf, even), or pe>-is8equivalent, and artiequivaleni 



Dr. Prankland's explsMiation of this diversity of equi- 
valence of the eame element ia this—" that one or moro 
pairs of honds belocging to one atom of the same element 
can unite, and having saturated each other, hecome, as 
it were, latent," Thus the pentad nitrogen becomes a 
tiiad when ono pair of its bonds becomes latent; and a 
monad when two pairs, by combioation ^vith each other, 
are rendered latent. These conditiona are represented 
graphically, thus — 

Pentad, TriaJ. Monad. 



« 



K«h 



And HO in the case of sidphm-— 
Hesad. Tetr.id. 



K ¥- 



49. Absolute, Active, and Latent Atomicity. — Dr. 
Frankland, on this hypothesis, regards all the bonds which 
an element possesses as its ahsohite at&mieiiy; those which 
are concerned in linking it with the other elements of a 
compound as its active atomvAty; and the number of 
bonds which are united together as its latent atomicity. 
So that the sum of its latent and active atomicities must 
always be equal to its absolute atomicity. 

!From these facts on equivalence we deduce two import- 
ant conclusions, viz. : — 

1. That the sum of the bontTa of a molecule must 
always be an even number, since the atoms are bound 
together by the bonds which constitute the equivalenco 
of their component atoms, and that no bond can be left 
disengaged or unsatisfied. So that a formula which 
possesses an uneven number of bonds or units of d 
affinity, cannot possibly represent a molecule. 
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2. No portion of a molecule can he removed without 
leaving one or more of the bonds of tlie molecule un- 
satisfied, the substances left are therefore incapable of a 
separate existence, e. g,, a molecule of marsh gas is — 
Symbolic. Graphic. 

C"H^, (h) — © — (h); if we talce away one atom of 

hydrogen, we have left a molecule of 

Mdhjl. 

■which has one bond unsatisfied ; and is, therefore, ready 
to unite with any monad atom, or with any molecule 
simple or compound which has one unsatisfied bond. 
Now, if we take from this another atom of hydrogen we 
leave a molecule of 

I 
Meff.7jkiie, C-Hj (^)— ©-<h) 

which, from its having two bonds unsatisfied, may be 
regarded as a dyad compound molecule ; if, further, from 
thw molecule of methylene we abstract another atom of 
hydrogen we shall have a molecule of 

® 

which may be viewed as a triad compound molecule; and, 
if we still further abstract this remaining atom of hydro- 
gen, we shall leave the telrad elementary alom of carbon 

C" -{y-, having four bonds unsatisfied. 

Every atom or molecule which, from its having bonds 
tmsiitisficd, is ready to enter into combination, is called a 
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radical; if it is elementary or simple in its nsitttre, it ia 
called a simple radical j if it is compound, it ia called a 
compound radical. 

60. Definition of Compound Badioal.— Wten two or 
more simiple radicals {Le., elements) combiae, they either 
form a eomfov/nd radical or salt 

They form a compound radical if the substance produced 
is capable of entering further into chemical composition. 
or combinations, without itself suffering decomposition. 
Thus— 



In the above series of combinationa of C and H, metJiyl, 
•methyhne, anA/brmyl, are all of them compound radicals, 
and aie lespectively regarded aa monad, dyad, and triad, 
accoidmg to the number of bonds of attachment which 
remain unsatisfied. All compound radicals have their 
equivalence marked on the same principle The three in 
question maybe written thus— -w!«(/iy^ (CH,)j* methylene 
{CK^Y; formyl (CHy. 

Sometimes it is necessary to givenames to compound radi- 
cals, and to substitute for their formulie a single symbol, 
e.g., the radical methyl C'"H ia represented by symbol 
Me ; so the radical O'H is called hydroxyl, and is repre- 
sented by symbol Ha 

The following are the names and formiilm of the cliiof 
inorganic compound radicals recognized by chemists : — 

Abbreviated 
Moleciilnr Atomic atomic 
formulie. formulni. formulie. 

Hydroxyl, (HO), HO Ho. 

HydroBuIpliyl, (HS), HS Hs. 

Ammomum, (NH.), KHj Am. 

Ammonoxyl, (NH,0)j NH.O Amo 

Amidogen, (NHgJa KHj Ad. 
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Besides these, certain coinpoimda whicli metala form 
with oxygen are regarded as compound radicalH, as — 



Potassoxyl (KO), KO Ko ( , 

SodoKyl, (NaO)a NaO Mao j """""W. 

Zincoxyl, (ZnOa) \ Zu" Zno", 

*^ 


Ciiprosyl (CnOj) ] Cu Can". 

And so on. 

The essential character of these last compound radicals 
is that the whole of the oxygen they contain is united 
■with the metal by one bond only of each oxygen atom, as 
seen in tlie following graphic formulte ; — ■ 

Hydroxy! -(§)— (H) 

Totassosyl, ~-® — © 

Zincosyl, -(§) @ — ©- 

The metal thus becomes linked to other elements by 
these dyad atoms of oxygon. The functions of such com- 
pound radicals will be stSiciently evident from the foUo'w- 
ing examples of compouiids into which they enter, and in 
which their position is marted by dotted lines : — 



r®— ® 



PotasBic Sulphate, K^SO, 



®-®-i-®-;-®— ® 
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% 




EotJc Nitrate, Ea, 



Ziade Sulphate, ZaSO^ 



It is not noccssary to name all those metallic compound 
radicals. The only point of importance ia their abbrevi- 
ated notation in ■wliick tbe small letter o is attached to 
ejTnbol of the metal — the atomicity of tlie radical being 
marked in the usual manner. 

51. TTse of Thick Type.— The system of graphic for- 
mnlfe attempts to show how each imit of force of each of 
the atoms is expended ; but the same thinj; can be shown 
by means of symbols. For this piirpoae the first symbol 
of a formula should be that of the element which is directly 
united with all the active bonds of the other elements or 
compound radicals which follow it upon the same line : 
thus, the 'formula SO^Ho^ (sulphuric acid) signifies that 
the hexad atom of sulphur ia combined vnth the four 
bonds of the two atoms of oxygen, and also with the two 
bonds of the two atoms of kydroxyl. * 

When the element which is thus placed first has moro 
tlian one bond, it will be printed ia thick type, and, as a 
rule, theelement haying the greatest number of bonds will 
occupy this position. Thus — 



• Sacli a formula ia called a. rational formula, as it attempts to 
iincoTmt for the way in which the elements aro united together. 
When, however, a formula simply gives the composition of a 
substance without regard to the arrangement of its components, 
it is called an empirical formula. 
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Empirical ForraulE. Eatinnal Formula). 

Water, H,0 OH,. 

Sulphuric acid, H,SO. SO,Ho,. 

Nitricftcid, HNOs KOjHo. 

Miorocosmic salt NaHiHHPOj POHoAmoNao. 

53. Use of Bracket.- — Tliese atoms in thict type form 
the central or governing atoms around ■whicli the otbej-a 
tiro grouped, to indicate which a bracket is used, as in 
the following three examples ; — 

1. 2. S. 

S CH,. ( CHj. COO. 1 

j CHj. 5 O. Ba. f 

( CH,. COO. 1 

" The foimula No. 1 signifies that two atoms of carbon 
" are directly united with each other ; No. 2, that two 
"atoms of carbon are linked, as it were, together by an 
"atom of omjgen, the latter being united to both carbon 
" atoms ; whilst in like manner No. 3 expresses the fact 
" that one atom of oxygen in the formula of the «pper line 
" is linked to another atom of oxygen in the formula of the 
" lower line by an atom of bariii/m." So, again, ferric 
chloride, the empincal fonnula for which is Fe^Clj,, can 
he represented by the thick letter symbols in two ways, 
thns — 

Graphic 



Tcrric (.'lilorido, 



Ta-'Ci, 



fe3"'Cl, 



indicating that the two atoms of iron (each being hesad) 
are linted to each other by three of their bonds, leaving 
their other three bonds available for theii- imion, each 
with three atoms of chlorine. 

The equivalence mai-ka ai-e not inserted with tiie 
monad elements; nor in the case of oxygen, which is 
invariably dyad ; nor with carbon, unless its eqnivalence 
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be reduced to ". The marks are also omitted in caaea 
wkere tiere can be no difficulty in assigning the equiva- 
lence of the elements. 

It will be thus seen that this method of symbolic nota- 
tion, by means of equivalence marks and thick letters, 
expr^ses exactly the aame thing as the graphic notation, 
which is somewhat cumbrous for general use; but still the 
graphic system, especially if supplemented by Hofinann's 
glyptic method, isof incalculable use in the lecture theatre, 
in bringing vividly before a class, and making easy of 
comprehension, the changes that take place in even the 
most simple reactions. 

The objection made to the graphic and glyptic, and 
also to the symbolic formulse of Dr. Frankland, viz., that 
it is a purely theoretical attempt to give a picture of the 
physical arrangement of atoms, is, I think, repudiated by 
every teacher, who has made a fair and impartial trial of 
the methods. 

In the remainder of this little work, when treating of 
the elements, their preparation, properties, and combina- 
tions, I shall express all reactions in equations, using Dr. 
Frankland's method of symbolic notation; but, for the 
convenience of those who do not understand or approve 
of that method, and for the sake of comparison with the 
many standard works which do not use it, such as those 
of Miller, Eoscoe, Fownes, Galloway, &o., I shall add, in 
brackets thus [ ], the equation in the old method of nota- 
tion. I shall also, wherever I think it useful, give tlie 
graphic formulte. 

10 a B 
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CHAPTEE VII. 



53. Hydrogen. — Symtiol H. — Atomic weight = 1. 
Atomic volume, Q. Density = 1. Specific gravity = 
0'0692. 1 litre weigh s 1 eritb. Molecular weight, 2. 
Molecular volume, | | | . Atomicity, ', being the staadai-d 
of comparison. 

54. Hifltory. — The element /iyi^ro^sii was first mentioiied 
in tie sixteenth century by Paracelsus, but very little 
was kno\vn of it in any way. According to Faraday, it 
seems to iiave been regarded in the 16th century as 
synonymous with the " phhgiston" of Beecber and 
Stabil, from its burning so eagerly in the air. It was 
afteiTvards called inflammable air, for the same reason, 
und was confounded with several of ite compounds. In 
1766, it was first obtained in a pure state, and ita pro- 
perties thoroughly examined ; and soon afterwards it was 
named hydrogen. (Mwp, water ; ytm^K), to generate) by 
Lavoisier, from its being found that its combination with 
oxygen produced water. 

65. DiBtiibution and Natural History. — Hydrogen is 
very rarely found free in nature, but exists very largely 
in combination, both in the inorganic and organic king- 
doms. In the former it is found as a constituent of 
various acids in combination, as the hydrochloric, hydro- 
bromic, hydriodio, and hydrofluoric acids. It is a con- 
stituent of certain liquids, as water, naphtha, petroleum ; 
and also of certain solids, as in the salts of ammonia. 

In the organic kingdom, it is found largely entering 
into the composition of both animals and vegetables, in 
the forms of viatae (HjO) and ammonia (HsTH). 

56. Preparation. — It is most generally obtained from 
water, by the action of substances on the water, which are 
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capable o£ removing oxygen, from ifc, and sotting free the 



(1.) Thus, if pieces of the foUowiog metala — ^potas- 
sittm, sodium, lithium, barium, strontium, calcium, mag- 
nesium, — are added to water, they will decompose it, and 
set free the whole, or a portion of the hydrogen. 

The first three — K, Na, and Li — being Tttonads, dis- 
place only one part of the hydrogen contained in water, 
— the reaction which takes place being 
the following equation ;— 



The last fom- — Ba, Sr, Ca, and Mg — are dyads, and 
therefore displace two proportions of hydrogen, as shown 
in the' following equation : — 



These last four decompose water with very much Icsa 
energy than the three fii-st named. The metal Slg re- 
quires the water to be heated to a temperature of 55° C. 
(122° F.) before it is alale to effect its decomposition. 

This first method of obtaining hydrogen is not the one 
practically followed, the expense and difBculty being too 
great. Potassium acts on the water with so great 
violence that it is impossible to collect the hydrogen, 

Exp. 23. — Throw a piece of potaasium. about the size of a 
amall nut upon the autfaoo of a plate or flat glass dish, flUed 
with water, part of the wator is immediately decomposed ; each 
atom of potassium diaplacea half the hydrogen of an atom of 
water, and potassia hydrate ia formed. 

20H, + K, = 20EH + H, 

Water. Potiissium. Potassic hydrate. Hydrogen. 
[2HiO + K, = 2KH0 + Hj] 

The escaped hydrogen takea fire from the heat resulting from 
tlie intensity of the chemical combination, and carrjing with it a 
small portion of the volatiliaed metal, burns with a reddisli violet 
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flame; the metiEd. melts and swims about rapidly npon the water, 
and finaiiy disappeara with an ciploeiye buret □£ violence, aa the 
globule o£ melted potaasio hydrate which is focmed during its 
oxidation becomes Bufficiently cool to come into contact witli 



The action of sodium on the water is the same as that 
oi potassium, sodic Aj/(fra(e is formed, which heing soluble, 
13 immediately dissolved, and hydrogen is set free, as in 
the following equation: — 

2OH5 + Na^ = 20NaH + H, 
Water. Sodium, Sodie Hydrate. Hydrogen. 
[2HjO + Na, = 2NaH0 + H^] 

Sodium does not, however, act with the same energy aa 
potassium, and consequently the evolved gas does not 
take fire, unless the water be waxm, or the sodium he 
confined to one place, by wrapping it in a piece of filter- 
ing paper, previous to throwing it on the water. Ad- 
vantage is taken of this to collect the hydrogen evolved, 
as in the following experiment^ 



1 gauze box, or 
vi rap it tightly in wi re 
^auze firmly fastened 
to the end of a wire 
(A. fig 8) BJidholdit 
under an inverted 
cylmdei or gas jar (B) 
tilled witli water, and 
standinj, on a bee- 
hive shelf The bab- 
bles of hydrogen gas 
ascend m the cylinder 
and displace tiie wa- 
ter Whenthecylin- 
der is full, it may be 

Siut on one side for 
uture examination 
ot the propertiea of the ^as This mode of obtaming hydrogen 
IS too expensive, too troublesomi., and too dangerous, to be used 
otherwiae than aa an experiment of demonstration. 
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CO 



(2.) A second method of obtaining hydrogm, is ty the ac- 
tion oiaodiwm, on dry hydrochloric acid. The reaction -which 
takes place is represented by the following equation- 
2HC1 + Ka, = 2NaCl + H, 

Hydtochloric acid. Sodium, Sodic chloride. Hydrogen. 

(3.) Hydrogen may be prepared very simply and 
cheaply in large quantities by passing steam over iron 
filings, or turnings, or even iron nails, maintained at a red 
teat. The hydixigen so prepared contains a deal of 
moisture, and therefore if it is required to be dry it must 
be passed through tubes containing chloride of calraum. 
The reaction is as follows — 

Fe„ + 40H, = "(Pe.l'i^O, + 4H, 
Iron, Water. Triferric tetroxide or magnetic 

OKide of iron. 
[SFe + 411,0 = FejO. + H, 

The graphic formula for 
"(Fe)""0, i. 

If a small quantity of hydrogen only be required, or i 
be merely wanted to demonstrate this method of obta,ininp 
it, the arrangement shown in fig. 9 may b" •■''■^"ta.i 
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■with a piece o! combaation tube B, from 9 to IS inctes long, and 
about f'of an inch in diametBr, in whioh is plaoed about an ounce 
of iron filings, whioli are heated to redness by meana of a Bunsen 
burner; C is tlie delivery tube, and D the receiver, Bfcanding 
inverted, over a pneumatic trough. 

When a largo quantity of hydrogen ia required, an arrange- 
ment similar to that shown in fig, 10 must bo made, in which tho 




glass comTiuaton tube a rej-Hcad by an on gin barrel or, 
better st I by a Be Iin i oelain con bast on tube anl tlia 
BourcQ of heat, either a fire clay furnace, heated with charcoal, 
as shown in tho figure, or a gaa combustion fnmaoe especially 
formed for tube opecatious. The U -tube filled with calcic chlo- 
ride is simply for diying the gas. 

One litre of water converted into steam will yield abont 1,240 
litres, or 1 '24 cnbio metro of hydrogen. 



(4.) The moat common method of preparing hydrogen is 
by the action, of metala on water in presence of an acid ; the 
metal most commonly employed is zinc, and the acid, sul- 
phuric; but iron may and sometimca docs take the placo 
of zinc, and hydrochloric acid may replace in like manner 
tho sulphuric. 

Zinc and sulphuric acid is, however, almost universally 
employed on account of ita greater cheapness and also that 
it yields the gas purer than either of the other combina- 
tions. The reactions that take place will b 
represented in the following equations : — 
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(1.) SO5H05 + Zn 1; SO^Zno" + Hj 
Sulphuric acid. Zinc. Ziueio sulphate, Ilydrogen, 

[HaSO. + Zu = ZiiSOj + H5] 



(2.) 2HCt + 

Hydrochloric aoiJ. 

[2HC1 + 


Zn 
Zinc. 
Zu 


= SnCl, 

Zineif. chloride, 
= ZuCla 


(3,) SOsHo 
[H,SO. 


+ 


To 
Fc 


~Tc 


SOjFct," 
roiia sulpliate. 
FeSOi 


(4.) 2HC1 
[2KCI 


+ 


Fe 
Pa 


re 


re"Cl, 



The preparation of hydrogen from ; 
acid is conducted as follows ; — 



ic and sulpKurie 



Ekp. 20,— a generating flask, A, fig. 11, iiaviug a caii.icity of 
nbout a, pint, and also a aomewhiit 
wide mouth, is chosen ; to thla a 
goed soand soft cork 13 fitted, 
through which pasa two tubes — 
one, a short right-angled one, open 
at both ends ; the other, a straiglit 
one, terminated by a funnel, called 
a thiatle-headed funnel, which 
should pass down nearly to tlio 
bottom of the flask. By means of 
a piece of oaontchouo tnhing, the 
ri^t-angled tube may be attached 
to one, and therefore to any nnm 
ber, of waahiog bottles • whiok 
may oontaiu water or any rcaj,ent 
through which it is alvisahle for 
the gas to pass, to separate any 
impurities whieh. may be associate I 




Ehonld b 



e fragments 



Fig. II. 
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or cuttings of zmc, or bettec still, some cr^mulatcd eiiio, {wliicli 
is made by melting tho ziiic in an iron IiSo, and pouring it froni 
a height of three or four feet into a pail of cold water), then pour 
into the gaa bottle some dilute snlphuric acid, 1 of acid to 7 or 8 of 
water. (Greatcareia QecesBaryinniisingtheacidand water; the 
water should be placed in a thin glass beaker and the acid aiJded 
gradually, greatheatheingevolvedduringthomixing. The dilute 
acid should not ho used until it has cooled). Thezinc should be cov- 
ered to the depth of three or four inches. In a short time a brisk 
effervescence will be ohaerved due to the escape of bubbles of 
hydrogen. The gas which at first comes off is, of course, con- 
taminated with the atmospheric air contained in the generating 
flask, and is then dangerously explosive ; after a short time, 
however, this will he al! driven away, and the gas will he given 
off pure. To ascertain when this is the case, collect some of tha 
gaa from time to time in a small eprouvette, and apply a light 
to it ; if it explodes or lights with a kind of whistling pop there 
is air mixed with it, but if it lights with a plain pop and keeps on 
burning at the mouth of the tube with a pale bhie flame, it is 

Collect at the pneumatic trough as many jars or bottles of 
gaa as may be required to illustrate its properties hereafter 
described. Should (as frequently happens) the evolution of the 

fas slacken before all the metal is dissolved, it can be quickened 
y the addition of a little more acid through the safety funnel. 

The rationale of what takes place is this ; The zinc 
drives out the hydrogen, of the hydric sulphate or sul- 
phuric acid and takes its place, forming zinoic sulphate, 
and setting the hydrogen free ; the zincic sulphate, being 
soluble, is dissolved by the water present, and can be 
ohtained in white crystals from the residue left in the 
bottle, by simply evaporating the liquid. 

(5.) Zinc or iron, when boiled with a strong solution 
ot polasdc hydrate, displaces the hydrogen. Thus — 

20KH -H Zn = ZnKo, + Hj 

Potassic hydrate. Potassic zinc oside. 

[2KH0 -f- Zn = ZnO + KaO + IIjl 

light angle, one consisting of a lono and a short limli, the other of 
two short limbs; in the bottle is ^aced the liquid or other sub 
stance through which it is intended the gas should pass, and into 
which the long extremity of tha tube C dips, the short tube D 
convepngthegaa either to another washing bottle orto the delivery 
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(G.) Hydrogen has boen prepared oa a large scale by 
the Frencli chemists DeviJle ancl Dcbray, by passing 
steam over charcoal or coke, Jieated to a dull red heat, 
rhus— 

20H, + C" = CO, + Hj 
Water. Carbonic anhydride, 

[2H5O + C = 003 + Hj] 

The c(whonic anhydride can be easily removed by pass- 
ing the gas through a strong solution of pofassic hydrate. 

If, however, the heat be not strictly regulated — if it 
at all exceed the right degree — another gas, carbonic 
oxide (Co), which is highly poisonous, is also formed, and 
this gas cannot be removed. 

(7.) By the electrolysis of water. 

On plun^ng the poles or electrodes of a voltaic battery, 
consisting of two to four cells of Grove's, or not less 
than six large cells of Smee's arrangement,* into water 
slightly acidulated with sulphuric acid, hydrogen is given 
off at the negative electrode, or that connected with the 
zinc end of the battery; while oxygen is given off at the 
positive electrode, or that connected with the caibon or 
platinum end of the battery. 

Fig. 12 gives a sketch of the arrangement employed. 




battery consisting of six cells of Smee's, the polca 



* The atudent should consult the volume on MectrXcittj in this 
riea, or some good manual of Natural Philosophy, for the diifer- 
(!e betweett Grove's and Smee's batteries, and for the chemical 
tion of the electric carrent. 
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or electrodes of which can be connected with, the binding 
screws of a voltameter, B. These binding screws axa 
connected by wires beneath with electrodes of platinuDi 
foil, over which are inverted glass tubes for the coUectioa 
of the gases separately. It will be observed that the gas 
in one tube occupies twice the spafls which that in the 
other tube does. On testing the gases, that in the first 
tube will be found to possess all the characteristics of 
hydrogen, (see page V and that in the second tube those 
of oxygen (see page ). 

This method of procuring hydrogen is also valuable as 
an analytical experiment, proving that water ia com- 
pounded of the two gases hydrogen and oxygen, in the 
proportion by volume of 2 to 1 ; and as the weights of 
e<ju4l volume of H and O are as 1 to 16, it follows that 
ill water they are related to each other by weight in the 
proportion of 1 to 8. 

57. Properties.— Hydrogen is a gas, and as no amount of 
cold or pressure yet obtained haa succeeded in condensing 
it, it is regarded as one of the pemumently elastic gases; 
it is colourless, tasteless, and inodoroiis; it is very slightly 
soluble in water — fifty volumes of "water dissolving a little 
more than one part of the gas ; it will not support com- 
bustion, in the ordinary sense of the word;* but, in tho 
presence of oxygen or of ordinary atmospheric air, is the 
most combustible body known. This is, in fact, its chief 
chemical peculiarity. The sole result of its combustion 
with is water. It is the lightest body in nature, its 
specific gravity being '0692 aa compared with air, so that 
air is 14 '4, or about 14^ tiroes aa heavy as hydrogen. 
Its great lightness has caused it to bo taken as the stand- 
ard to whicL the weight of ail other gases, simple and 
compound, is referred.! It also possesses the greatest 
power of diffusion of all gases. 

* For a full account of the true theory of combustion, see 
chapter , page 
t See paragraph 29, on the "Crith" anditanses, 
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(By diffusion, we are to imderatand " t7ie tendency of 
tliepaiiicles of agas to sepa/rate as far «s they tan from 
each ofltm "J" 

Hydrogen ig not poisonous, anil miy be breathed onca 
or twice with impunitY, but, if continued, it la fital. 
This proves, therefore, that it cannot supjioit life any 
raoie than it can combustion. 

The properties of hydio^en miy be demon&tiated by 
the following experiments — 

The absence of cok ur, taste, ^nd odour 
may at once lie detected by simple in 
Bpaction of a ]ar of the gaa (It dots 
frequently happen that the hydrogen 
obtamed by oidinary metboda, and n't 
carefully puiified, baa a very diaajireeable 
smell ibis 18 caused by the preseni-e 
of Bmill qu'vntitiea of sulphur, arscnto, 
or carbon present as mipuntiea in the 
zinc, which form, with hydrogen volatile 
compounda of a disagreeable odour If 
the zmc and sulphuno aoid be perfectly 
pare, no odour whatever is perceived.) 

Exp. 27. — Its insolabihty, or rather 
vary slight solubility, may be inferred 
from the fact that it can be collected at 
the pneumatic trough, without any per- 
ceptible loss of the gaa; but it may be 
accurately measured oy taking a gradu- 
ated glass tube, and having put in fifty 
measures of water, inverting it over the 

mercurial pneumatic trough (fig. 13) , 

then passing in two or three measures ' - - ^ ^ ■— - 
of hydrogen, no means whatever will ™„ jji 

make the water absorb more than one =■ 

measure of the gas. 

That hydrogen will not support ordinary combustion, 
but is itself combustible, may be shown by the following 
experiment : — 

• Diffusion is now more generally considersd aa due to the 
intestine movements of eases, aa developed in the kynetic theory 
of gaaes ; for a full consideration of this, see Prof. Clarke MftZ 
weU'a Tlieory of Heal, Chap. XXIII, page 2S1, el seq. 
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E-tp "8 —Take ^ j r of 1 ydro^etl and 
hoHint t mo ti downwards on account 
of ts 1 thtnesa pass by n eana of a >e t 
wire a 1 ghted tap r into t fig 14) 
The gaa teolf w 11 take fire at tl e m uti 
of tie ]aT where t s n oontict w th 
Wear 1 ui the tipsr will go out (Mr 
Barrett atates in tho PI lo^opl ail M .qa 
z e, tliat the 1 lue appearan e of the 
flame s d e to the presence of su phur 
e ther a the gis or lu the d ist of the air 
in nh ch. t bums ) 

The flame of li>di-ogeii 3 a paJe 
blup ilmo'it 1 ? ble one and the 
pro 1 cfc ■wic 1 mt ma or oxygen 
g^ 13 water in 1 nothing but wate 
This may bo sho vn m sevemi waj a, 

Exp. 29. — If a clean, cold, dry tumbler or beaker be held over 
a jet of burning hydrogen, ita sides will be almost immediately 
covered with dew, caused by the condensation of the vapour of 
water formed by burning hydrogen in the oxygen of the air, 

Ext. 30.— It may, however, be more conclusively shown, and 
the water actually collected, by the following arrangement shown 
in fig. 15; — B is a tube to contain chloride of calcium to iy the 




Fg It 




Fig, 15. 

hydrf^en gas ; 6, an infusible glass jet at which the gas is burnt ; 
C, an infusible glass connecting tube ; e, the condensing tube in. 
the bend of which the water collects ; h, a test tube filled with 
cold water to condense the water formed by the gaa. An ap- 
preciable qilantity of water will be collected at e, in. the course 
of five minutes; but, if the flame (which should be about halt 
an inch long) be kept steadily baminf; for ahout half an hour, a 
" """'"""'"'e quantity of water will be collected. The tube, a, 
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ehould be coimeGted (fig. 15) witli the ordinary generating bottle 
ahown in fig. 10, 

la exactly the same maniiGr water 
may be collected (although, not i 
large a quantity) from the burning of 
any combustihJe body which haa hydro- 
gen in its composition, such as aJcohol, 
oil, coal gas, &c. 

The reaction that takes place ia pre- 
cisely identical in all cases. The hy- 
drogen of the burning body unites ■with 
the oxygen of the atmosphere to form 
water, gas, or vapour of water. This 
striking oa the cold sides of the glass 
becomes condensed to the liquid condi 
tion. 

Tho lightness of liydrogen may be ^^3 
demonati'ated by a variety of experi "" 
ments :— Fjg. is. 

Bxp. 31. — If a jar of bydragea be collected at the pneumatio 
trough, it may be removed, month 
downwards, and held in that position A 

for several minutes, without any stop- 
per, and, oil the ^plication of a light, 
the gaa will take hre with a very slight 
explosion, showing that very little hy- 
drogen has escaped; but, if^the jar be 
removed mouth upwards, the escape of 
the gas ia almost instantaneous, as may 
be demonstrated by the application of 
alight. 

Exp. 32.— On account of its liglit- 
ness, hydjogen may be collected by 
upward displacement assbowninfig.Ki. 
The delivery tuba, a, should paea up- 
warda almost to the top of the ]ar. 

Exp. 33. — It may also, from the same 
cause, be decanted upwards, as shown 

in jig. 17- If an empty jar. A, be taken and held with, its 
mouth downwards, andT a jar of the gas, B, be carefully brought 
into the position shown in the figure, the hydrogen will pass 
from B into A, io th^ direction uiowo by the arrow, and di»> 
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place tte air in A. If the esperiment has been performed neatly, 
on applying a light to the jar B, it will be found to bo entirely 
free from hydrogen ; but, on applying it to tho jar A, a alight 
esplosion. takes place, showing that A, which only contained 
air, now contains a mixture of hydrogen and air, which is 
very explosive. 

A small balloon, made of goldbeater's skin, -will, if 
filled with dry hydrogen, ascend in the air, thus proving 
tlie lightness of lie gas. 

And, finally, its lightness may be easily demonstrated 
by actizal weighing. If a large dry beaker glass be very 
accurately weighed in soalea that will turn with a grain, 
then filled with hydrogen by upward displacement, and 
placed mouth downivards on the scales, it will be found 
to be sensibly and measurably lighter that it was at first 
when filled with air. 

58, Diffusion. — This has been defined to be "the ten- 
dency of the particles of a gas to separate &oia each other 
as far as they possibly can." This power of diffusion haa 
been found to depend on the density of the gas, being 
greatest in those of least density; and a series of most 
carefully conducted and accurate osperimenta, by Mr. 
Graham, lias succeeded in establishing the following 



Iw. 



"The velocity of diffusion of different 
gases is inversely proportional to the square 
loots of their densities." 

Thus, the densities of H and O being 
resi^ctivoly 1 and 16, the square i-oots of 
which numbers are 1 and 4, their rates of 
diffusion will be respectively 1 and -J — le., 
H will diffuse with four times the velocity 
of 

The o'rcat difference between the density 
of H md all other gases, makes it par- 
ticulaily suitable for demonstrating this 
property \ij experiment. 

Exp 34.— Take a glass cylinder, fiora 10 to 
anl fium 1* to 2 inches in dinmcttr; close 
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one end ■witt a plug of plaster of Paris, from J to f inch thick ; 
cover the plaster o£ Paris eud with a plate of glass, and fill tho 
tube with liydrogen by upward displacement; inaCTt the lower 
end in a glass vessel of coloured water (fi^. 18), and removo 
the glesa plate from the top, the hydrogen will pasa out so much 
more qnii^ly than aii can pass in that the coloured liquid will 
rise in the cylinder to the height of 2 or 3 inches 

Esp. 35.— The conveKe of this may be shown (fig 19) by 
taking a, porous cylinder (such as those used 
for galvitnic batteries), and fittm^ to its open 
end, by means of a bung a tube about 3 feet 
long, and J inch in diameter (Gi eat care is 
necessary that the bung should be male 
oir-tight by coating it with seilmg w ix dia 
solvea in spirits of wma ) This tube la 
then supported in a vertical position, f 
that its open extremity shall dip ahoi 
on inch below the surface of some eolocrc 1 
water in a glass vessel A bell jar of 
hydrogen ia then held over the porous 
cylinder, when the diffusive power of the 
hydrogen is made manifest by the expulsion 
of the air in the tube and its hubblmg up 
through the wat'r caused by eo much more ^ 
hydrogen having t '■ ''^ P "^^ '^^1' than 
the air which p ss d t lithe bell-jar bo 
now removed fte U th b bbling up of 
the air has ceas d, th hyd g will in like 
manner escap fr th p cell, and the 

colonted wate w 11 m th tube to the 

height of 10 o h If the eiperiment 
be repeated, bat t t g f the hydrogen 
a jar of carbon ac d co 1 gas, it will bo 
found that th h vi th gia the less will 
it pasa through th po 11 thus proving 

the trutU of th g n 1 pn pi of diffusion. 

Hydrogen, in consequence of its exceedi 
has a peculiar effect on Boimd. 

Ext. 36. — Fill a boll-jar with hydrogen by upward displace- 
ment, suspend it to a retort-stand, and strike a bell in it (fig. 20), 
Boarcely any sound will be heard. 

BiP. 37. — If a deep inspiration oE hydrogen bo taken (this 
may be safely done two or even three times) it will change tlie 
deepest bass voice into the thin shrill trehje o£ a child. 

59, Combinations. — Tlie compounds wLieh hydrogen 
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foitiw with the -\i\i 
little ■woik lie aa foUuw; 




elements treated of m thi3 

T\ith tMoriie, only on^ 
hy irochloric and, HCl 

With ox^/jen two viz , 
water, HjO and hydroxyl. 

With carton, hydrogen 
foi-ms mmy compounda 
c^lled geneiicftlly hydro- 
carho IS The full con- 
s derat on of these belongs 
to oiganic chemistry; but 
two are sufficiently com- 
n on and of sufficient im- 
10 ta ce to be noticed 
hei-e VIZ. ; — 

Marsl gas, or liglit ear- 
hi ie i hydrogen, C'H,. 

Olefia I gas, or lieavy car- 
Alt etted hydrogen, 0'',H, . 

WiUi nitrogen, it fonos but 
1, aiRDtonia Jf H] . 



The full consideiation of these compounds will be re- 
served uHtil the elements with which lie hydrogen com- 
bines shall have been respectively considered, 

60. Arithmetical CoBsiderations. — One grain of hy- 
drogen, at the normal temperature of 32" P. or 0° 0., and 
jiressure of barometer 30 inches or 760 m.m., measures 
44'4 cubic inches ; and one gramme, at the same normal 
temperature and pressure, measures 11-2 litres. 

"The atomic weight of hydrogen being 1, it will reqairo 
39 grains or grammes of potassium, or 33 grains or 
grammes of sodium, to set free 1 grain or gramme of 
hydi-ogen. So again, zinc and iron being dyad metals, 
56 grains or grammes of iron, or 65 grains or gi-ammes 
of zinc, ^vill liberate 2 gi-aina or grammes of hydrogen 
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.5o again, witli respect to the acids employed, tydro- 
chlorie and sulphuric acids being both entirely decom- 
■losed, it is a matter of simple rule of three calculation 
to ascertain how much must be employed to ohtain 
(iny given quantity, either by weight or measure of 
liydrogen. 

Thus, 365 grains or grammes of hydrochloric add 
(HCl) will yield 1 grain or gi-amme of hydrogen; and 98 
graina or grammes of sulphuric acid SO^jHoa [H,SOj] 
will yield 2 grains or graramea of hydrogen. 

61. Hydrogen a Metal. — There are good grounds for 
supposing that, if hydrogen could be solidified, it would be 
found to be a nretal, — -tiiat, in fact, the gas, as we meet 
with it, is but the vapour of a highly volatile metat. 
Thus, if the metal pathdium be employed , 
as the negative electrode in the voltaic 
arrai^ement for the decomposition or 
electrolysis of water, instead of the hydro- 
gen being set fi-ee, it is absorbed by the 
palladium electrode, with which it forms a 
veritable alloy; and in this condition it 
conducts heat and electricity, and is elec- 
tric, or rather, magnetic, in this respect 
acting exactly as it would do if it were a 
metal. Other metals besides palladium, 
£uch aa platinum and iron, possess this 
property of absorbing hydrogen, but not 
to the same extent. This would seem to 
point out hydrogen aa a metal, since no 
case of a true alloy has been known except ,^ 
in the case of the combination of a metal ^ ■ 
with a metal. 

Another strong argument in support of 
this view is to be found in the fact that 
hydrogen gas possesses the power of con 
ducting heat, which other gases do not 
The good conductivity of hydrogen may _. _, 
be shown by the following Ciperiment — 
10 E. s 
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Esp, 33.— Within a glaea tnbe (Hg. 21) is atretcted a platinum 
■wire, which is raised to iiveaiidcsoancB by an electric cnrrent. 
When air, or any gas other than hydrogen, is passed thtongli tha 
tube from the bladder beneath, the incandeacence continuea ; but 
it disaj^eara as soon as hydrogen is employed. The heat of the 
wire is, in fact, conducted a,v/3.y by the hydrogen. 



CHAPTER Vni. 



Sym'bol, Cl^, Atomic w eight , 35'5, Molecular weight, 
71, Molecular volume, | i^ | . 1 litre weighs 35-5 
critha. Has been liquefied at 15 '5 C. under a pressure of 4 
atmospheres, but has never been solidified. Atomicity, '. 
Evidence of atomicity, HCL 

62. Synonymea.— CAforiJie, from x'^'^pi', green (Davy). 
iDephlogisficated muriatia acid (Scheele). OxymMrialio 
acid ■(Lavoisier). 

63. History. — Chlorine ■was diseovered by Scheele in 
1774, and from the fact of its being obtained largely from 
sea salt, and being associated with a somethit^ which burnt 
readily '(hydrogen), which eubstaae© was regarded as 
synonymous with phlogiston, the chlorine gas was called 
depklogistieated Tavriatic acid. Lavoisier in his system 
of nomenclature regarded it as a comiwund of hydrocklorio 
acid and oxygen, and called it oxym/wriaUe add. Lavoisier 
fell into this mistake from falsely regarding oxygen as 
the imiversal acidifying principle. Sir H. Davy in 1810 
demonstrated that the gas did not contain oxygen, nor 
could it be resolved int« simpler eleiaeats, and was there- 
fore itself an element. 

He applied to it the name " clilorine," on account of ita 
yellowish-green tint. 

64. DiBtribution and Hataral History. — Chlorine is 
never found free or iinoombined in nature ; but in a state 
of combination it is a constituent of both the inorganic 
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td organic kingdoms. la tho former it exists combined 
ith sodium, forming the large beds of salt in various 
.rts of the -world. In the ocean it exists combined with 
idium, and also \vith calcium, magnesium, and potassium, 
a the organic kingdom it enters into the composition of 

/arious fluids and secretions both of animals and vege- 

ahles. It is also evolved from volcanoes in the form of 

Jii/drocMoric acid. 

65, Preparation. — -1. By heating certain metallic 

cHorides, as auric and platinic chlorides : — 



PtCl, = 


Pt 


+ 


2C1,. 


latinic cMorido. 


Pktmul 




Chlotme. 


[PtCl, = 


It 


+ 


2C1^] 



In practice this method is never adopted, platinio 
chloride being so expensive ; but as an analytical experi- 
ment, or as an experiment of demonstration for a class, 



Exp. 39. Put a small quantity o£ platinic chloride in a flaisk or 
teat tube having a leading tube attached, apply heat gently 
chlorine will be given off. 

9. By gently heating a mixture of manganie osade 
(binomde of manganese) and hydrochloric acid, chlorine 
is given off, the reaction taking place in two stages — 

(i.) MnOj + 4HC1 = UtaCi, + ZOHp 
ManganiG oxide. Hydrochloric auid. Manganic cfilorida Water. 

" ... 

In an ordinary -way the reaction is ^ven in one 
equation as follows : — 

[MnOj + 4HC1 = MnCl, + 23,0 + Cli,.] 

Manganic dioxide. Hydrochloric Manganous Water. Chlorine, 
add. chloride. 



which you have pxeviously well fitted a thoroughly sound good 
cott, through which passoa a safety-funnel [which is best of the 
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chloric acid diluted with 3 oz (100 c o ) of vrxter * thoro glily 
mixtliaacidwitli the powd. r J minganeee so la to Fetthelottle 
throDghout then plai^ t on a Sana I ath an 1 x}h>1j Iieat As 
chlorine does not come off quite pure, a little hydrochloric acid 
heing given off with it, it is advisable to paaa it through a wash 
bottle, as shown in the figure. It may theu be collected at the 
pneumatio trough (over warm salt water), or, on account of its 
high Bgeoiiio gravity, by downward displacement. The latter 
coarse is generally preferred. 

3. By heating a mixture of sulplmric acid, sodic cbloride, 
aud manganic oxide, wlien the whole of the chlonne present 
is liberated. Thus — 

• This proportion of materials will give about 3 to 4 gallons of 
the gas, if proper care be taken to prevent its escape during 
collection. 
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Manganous aulphatQ. Water. Chlorine. 

SNaHSO. 



idio cMoride. Sulp^uno Hydro-sodio 
cuoxiEis. acid. sulphate. 

+ SHjO + Oi^. 
Water. Chlorme.] 

The gas commences to come off slowly directly the 
mixture is made, but aa soon as a very gentle heat is 
applied it is given off very freely. A little hydrochloric 
acid is formed in this reaction, bnt it can be easily washed 
out by causing the gas to pass through a wash bottle 
containing a little water, as shown in fig. 21, B. 

4. By the electrolysis" of hydrochloric acid. 

66. Properties. — At ordinary temperatures and pres- 
sures it is a gas, transparent, but of a greenish yellow 
colour, and obnoxious suffocating odour. (Even when 
lai-gely diluted with air, if breathed, it produces distressing 
irritation of the air passages of the throat; infiict, causing 
a severe form of cold,) It is very soluble, water at a 
temperature of 16° C, (60° F.) dissolving twice its bulk, 
and even at 40° 0. (104° F.) it dissolves 1'36 of its bulk. 

On account of this solubility chlorine cannot be collected 
over cold water at the pneumatic trough, and mercury 
being acted on by the gas with great rapidity, that fluid 
cannot be substituted foi- the water. It is therefore 
genei-ajly collected over warm water, or by downwai-d 
dLsplacement in pei-fectly dry bottles, as shown at C, fig. 
21. When this latter method is adopted it is impossible 
to prevent the escape of some of the gas ; it is therefore 
advisable to carry on the operation, when possible, either 
in a glass closet, with an outlet, or else in the draft of an 
open window, in order to camy off the gas which escapes. 

It is much heavier than aii-, 11-3 litres at 0° C, and 

* For tlie electrolj aia uf tydroeMoric acid see page S3. 
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barometer 7C0 hlhl pressure, ■weigls 35 '5 grammeg; t 
1 litre at tlie normal temperature and pressure weigh 
3'17 grammea. Under a pressure of 4 atmospheres b> 
15° C. (60° F.) it has been condensed to a pale yelloA 
liquid, which has hitherto resisted all attempts to feeze it 
althougli exposed to a cold of -140° C. (-320°F.) 

If a solution of dilorine (chlorine water) he exposed tc 
a temperature of 0° C. (32° P.) a crystalline compound of 
chlorine, and water will he formed (hydrate of chlorine, 
CI, SH^O). 

This hydrate of chlorine enabled Faraday to reduce 
chlorine to a liquid condition, it being one of the first 
gases which he so reduced. "The compressing force was 
the gas's own elasticity, and was thus applied. Some of 
the hydratfl of chlorine was put into a small bent tube 
hermetically sealed, and a gentle heat applied. The 
hydrate of chlorine was by this treatment decomposed, 
and chlorine was liberated, which condensed into a fluid 
at the cold extremity of tlie tube, where two distinct 
liquids were found. The uppermost and lightest of these 
■was merely a eoJution of chlorine, but the underlaying 
stratum was amber-coloured, and was free chlorine. . , 
. . , This means of effecting the condensation of gaseous 
bodies, namely, by the force of their own elasticity, has 
been successfully applied to many others besides chlorine." 
— Faraday's Z^ciwres (Mi. (/je Inm-ganio -Elements, ■p&ge 121. 

Chlorine is not combustible, nor does it combine directly 
■with oxygen. The most characteristic chemical property 
of chlorine is its powerful attraction for many other 
elements at the ordinary temperature. Among the 
metalloids may be mentioned hydrogen, phosphorus, 
sulphur, arsenic, iodine, and bromine. Ifearly all the 
metala behave in the same way especially antimony, 
copper, and silver. 



Exp. 41. If equal quantities of hydrogen and chlorine be mixed 
they will, cm exposure to the direct rays of the sua, or of the 
electric <»' magneaium lights, combine instuntaneously tvitli 
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explosion ; if, however, they are left for a few hours in diiTosed 
daylight, they will be found, to have combined, gradually. 

Exp, 42. If a piece of dry phosphorus be placed in a deflagrat- 
jns spoon and immersed in a jar of ehlorate, the phosphorwn will 
take fire, combining with the cldm-ine to form terchloride of 
phosphorus, PCI,. Mote. — Especial care must be tiieu to pra- 
Teat the escape of ajiy fumee, as they are very injurious. 

Exp. 43. It filings of any of the foil wing met^s in a state of 
finepowder.andpreMOUBlyheatedtoSO C (66 P } lie spnnUe 1 in 
a jar of chlorme they will take fii e and b im with a rapid 
Bdntiilatingeombustini ^aryi j, 
in colour aucordmg tc " 



colour ; zinc and" tin a bl i ah 
white ; copper a dull red iron 
a viyid red; arsenic gold and 
tellurium, a green Jheie ef 
fects are best seen if the jar m 
which the powdered metal is 
sprinkled be a tall narrow onc 
Ai the fames resulting from 
these combust ons ore at ali 






strikingly shown by i 
a well l^ted taper in 
chlorine. The taper 



red smoky flame. The hydro- 




the chlorine, but 
deposited as a fine soot. 

Exp. 45. ThisisstillmorestrildDglyshownifapieceof blotting 
or filter paper be dipped in oil of tumentine, and plunged into » 
jar of chlorine, A briUiant flash of Bght is seen, and the interior 
of the jar is immediately covered with a thick deposit of soot. 

The rationale of this last experiment is as follows : 

Oil of tmrpeniine is a hydro-carbon, taving the following 
composition, C,jHib. When, therefore, a rag or paper 
moistened -with it is plunged into chlorine, the hydrogen 
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aud chlorine uoite with eyolution of light aad heat, 
cai-bon being liberated. Thus — 

CioHi, + 8CI5 = IGHCi + IOC. 

Turpentine. Chlorine. Hydrochloric add. Carbon, 

Another important property of chlorine is its power 
of bleaching vegetable colours, and disinfecting or de- 
composing noxious vapours fonned by organic bodies In 
a putrid or semi-putrid condition. 

This arises from its peculiar action on all bodies con- 
taining hydrogen. It combines with part of the hydrogen, 
and withdraws it from the combination, each atom of 
chlorine uniting with one atom of hydrogen^ and forming 
an atom of hydrochloric acid ; whilst, at the same time, 
for each atom of hydrogen withdrawn from the original 
combination, an atom of chlorine is Bubstitated. These 
chlorine compounds are in nearly all cases colourless and 
odourless. In this way cMorine, especially when by its 
combination with lime it is put into a form more easy of 
maniptdation, has rendered incalculable service to the 
linen-ioanufacturer, the dyer, the calico-printer, and the 
paper-maker, and has also proved of so much use as a 
deodorizer or disinfectant, in all cases of contagious and 
infectious diseases, and of bad smells, arising from im- 
perfect drainage. 

Exp. 46.— Introduce into a bottle or cylinder, full of ohiorino 
gaa, Boma flowers of various colours, a strip of litmus paper, 
some cotton print (Turkey red), and aome snpa of printM and 
written paper. {Note. — AU those things should be damp or 
moistened.) Everything but the printed paper will be affected. 
The Bowers, the litmus pa^r, the cotton print, will have en- 
tirely lost their colour; the ink of the written paper will have 
acquired a reddish colour ; while the printing-ink, being mineral, 
will remain unaffected. Its action on vegetable coloora may be 
illustrated by its action on indigo. Thus — 

CjH^NO + OH, + 2CL = CjHjClSOj + SHCa. 

Indigo. Water. Chlorine. Chloriaatin. Hydrochloric 

Exp. 47. — It a piece of pntrid or half -putrid meat or vegetable 
be moistened and placed in a jar of chlorine, in a few seconds 
vhe offenaive smell will have entirely p^sed away. 
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67. Combinations. — CMoritie forms -mth hydrogen but 
me combination — hydrocldoric acid (HC!). 
With oxygen it forms three compounds. Thus — 



Stjpochloravs aiikydride, Cl^O = 87 Q3 81-60 + 18-40. 

Cltlorous aahydridt, CIA = 119 i T"'. ', 1 59-66 + 40*34. 

CklOTic peroxide or diox,ide,..UiQi = 67'5 QTI 52'59 + 47-41. 

"With boron it unites in one propoi'tion — 
Soric chloride or tricldoride, ....BCli — 117'4. 

With sulphur it unites to form two compounds— 

BulpUuHc chloride, SiClj = 135 rT"1 . 

Sulphuric didiloride, SClj = 103. O 

It is capable of uniting, directly or indirectly, with 
every other element with which we are acquainted. 

I^ use in the arts as a bleaching, ajid, in a sanitary 
point of view, as a deodorizing or disinfecting agent, has 
been already alluded to. In the laboratory its chief uao 
is as an oxidizing agent. Chlorine possesses great at- 
traction for hydrogen and all the basylous elements and 
radicals. It therefore decomposes water and bases, liber- 
ating oxygen, which in its nasoent condition readily enters 
into new combinations. This is shown by the formation 
of chloriiatin, in the action of chlorine-water on indigo, 
and by the change which takes place when cklorine^water 
is exposed to direct sunlight. Thus — 

20Hj + 2Clj = 4HC1 + Oa. 

The decomposition of water by cklorhie is shown by 
the following experiment : — 

Esp. 48. — " A porcelain tute is taken, which is bonnd round 
witli sheet copper to prevent it from cracking, and loosely filled 
with frao;ments of broken porcelain to expose r large heated sur- 
face. This tulja is griiiiuaUy heated to redness in a charcoal 
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furnace (Fig. 24). One end of it receives the mixture of chlorine, 
with steam, obtained by passing tlie chlorine evolved from hydro- 



chloric acid and binoxide of 



A, tliroQgh a flask, B, 




of bo ! ng w^ter The other nd of t e ttite is connected w th a- 
bott e <_ oonta nmg a, solut on of potasli to absorb any excess 
of chlorine and the hydrochlo i ac il f nned From th s battle 
tl e OTijgea ib collected over the pneumat c trough — Bluxam a 



CHAPTER IX 



Symbol, HCL Specific gravity, 1 '25. Atomic and mole- 
cular weight, 36-5. Molecular volume, 1 \ \ . 1 litre 
■weighs 18'25 criths. Has not been solidified. Under a 
pr^sure of 40 atmoaplieres, condenses at 10°C. 

68. Bynonymes.— Hydrochloric acid, muriatic acid, 
maiiiie acid, chlorliydric acid, hydric or hydrogen chlo- 
ride, spirit of salt. 

69. History. — DiscoTered by Priestley in 17V2. Being 
first obtained from sea salt, it got the name of ma/ring 
acid, and spirits of salt. 
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70. Distribution and Hatnral History. — Found in 
combination in the iorxa of muriates or hydrocliloratea, 
and is largely evolved from volcanoes. It ia also pro- 
duced in enormous quantities in the alkali works ; these, 
in fact, ai-e the chief source of the acid for commercial 
purposes. 

71. Preparation. — (I.) By the direct union (either by 
electricity or light) of eqiial volumes of its elements. 



Hb + CI, = 2HCa. 
(2.) By the action of sulphuric acid upon 
Thus— 

SOjHo- + IfaCl = SHoNao + HCl. 
Sulphuric acid. Sodio chloride. HyJric sodic Hydrochloric 
Bulphate. acid. 

rHjSOi + NaCl = NaHSOi + HCl.] 

In this reaction, the sodium of the common salt changes 
places with the 

Exp. 49. Put into r 
for hy irogen and chlo 
ine) about 450 qrs fi 
oz troy} of comroon alt 
jreviouBly A ed and 
dd to t througb. the 
safety funnel about 1 
iiuid oz of strong Bnl 
phunc ac d On apply 
lug a gentle heat the 
reaction tikes pla^ie as 
shown m the above 
equat on and h} dro 



chl ri 



noff 




_ in account . 
greit we eht maj be"; 

Heated by downwi i 
displacement Thebot-f 
ties in wh ch t 18 c( " 
looted Bhould be pe 
J -dly dry and shorild dnnng the collect on b co ered w th a 
p ece of perf rate 1 cardboard After olie t iL,the]a o b ttJo 
ehonld be cove ed -n thagh ss pla w 11 t,meared with grea e 

JVo(e. 1. A stopper should on no account be used to (.lose a 
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jar of hydrocUoiic acid gas, as if there be the slightest moistnra 
preseut, the goa bocomes coadeiised and the atoppei irremoveabif 

2. As common salt in powder frequently frottcs up, to an iiieon- 
veuient extent, when mixed with, ealplaii'ic acid, it is found in 
praotiee better to fuse the salt first, which may be done by ex- 
postQg it to heat, either in a common clay crucible, or in an ordi- 
nary iron ladle. 

3. It is also advisable to mix the eulpkvrie attd witt half its 
weiglit of water (as great heat ia generated by this mixtare, allow 
it to cool before using) previoua to pouring it on the salt. The water 
takes no part in the reaction, but serves to dissolve the sodic sid- 
ji/iate as it is formed, and prevent it from clogging the apparatus. 

A more regular supply of bydroohloric acid gag may 
be obtained by gently heating about 2 oz. of chloride of 
ammonium and 2 oz. by measure of sulphuriis acid. The 
chaoge which takes place may be represented as follows : — 

2N'"H,C1 + SOjHoj = SOs(N'H,0|,. 

Chloride of ammonium. Sulphuric add. Ammonio Gulphato. 

+ 2HC1. 

Hydrochloric acid. 

[2NH.C1 + HjSO, = HsS0i,2HsN + 2HCL] 

(3.) If moist chlorine be transmitted through a red hot 

porcdain tube, hydroddoria add is formed and oxygen set 

free. Thus — 

20Hs + acij = 4Hca_ + 0,. 

Water. Chlorine. Hydrochloric acid. 

[2HjO + 4C1 = 4HCI + Oj.] 

*}%. Properties. — nydroddorio add is a transparent 
colourless gas, of a peculiar pungent odour, and an 
intensely acid taste. It has a very irritating effect on the 
eyes, and although not so injurious to breathe as chlorine, 
>s nevertheless very much so, even when largely diluted 
wi&. air. It has also a very destructive effect on 
vegetation. 

It is heavier than iiir, 1 litre of the gas at 0° C. and 760 
m.m. pressure weighing 1-6353 giummes. Its specific 
gravity is 1 8 '25, for when equal volumes of hydrogen and 
chlorine combine, no alteration of volume takes place, 
and the specific gra-rity of the i-esulting compound ia 
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t] fore the mean of the specific gravities of its consti- 
t nt th 13, 1 vol. of H = 1, 1 vol. of CI = 35-5 ; .: 
2 1 f HCl - 36-5, and 1 vol of HCl = 18-25. The 
g^ h 1 on condeMedtoacolourlessliquid (sp.gr. 1-37) 
ind p essure of 40 atmospheres, and at a temperature 
of 10° C. (50° F.), but this liquid has never yet been froz«n. 
HydronMoric add is not combustible, nor will it sup- 
port combustion ; but if a piece of potassium be heated to 
redness, it bums, leaving only the hydrogen, -which is 
found to occupy only half the volume of the original gas. 
Thus— 

Kj + 2HC1 = 2KC1 + Hj. 
Fotassic ciJorido 

It may il'^o I e paitly deeompo cd into its constituents 
by the elpctiii- spait It reddens diy litmus paper, and 
if allowed to escape into the in, combmea with the 
moisture of the atmospheie, pioducing dense white fumes 
It IS instantaneously absoi bed lywatei , and if a Jump 
of ii.e be placed m in atmospheie of hydrochlouc aoid 
it liquefies and absorbs the gas very rapidly 

This po-^erfu! attraction foi 
■water is one of the most import- 
ant pioperties of hydrochlouc 
acid and may bo demonstiated 
by a very pleaamg and mstiui, 
tne expeiiment 

Exp. 50, The hydrocMorio acid 
ahould be thoroughly dried by paasing 
it throngli a. wash bottle containing 
sulphuric acid, and can then be col- 
lected by dwpU.cem,fnt. A Florence i 
oil-flMk, or, better still, a globular 1 
receiver with a long neck, is used. 
{Note, I'hia should be perfectly dry. ) j^ jig_ 

The delivery tube shonld pass down 

to the bottom of the flask. The hydrochloric acid, having a 
Bpecific gravity as compared with the air of 1 247, ^aduaUy lifts 
the air out of the flask. The fulueaa of the flask will be noted by 
the escape oE dense white fumes ; the dehvery tube shonld be 
lifted ont carefully and gradually go as to prevent any air 
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eatering. When fall, the flask, with its mouth downwarda, should 
\>« placed in a capsule or porcelain cap of merouiy. Then 
transfer, very cauticuel;, the flask, cup, and all to a glass basin 
of water, coloured blue by a few drops of litmus, and lift the 
flask out of the mercaiy. The water rushes in with great 
violence, being capable of absorbing its own weight, or about 480 
times its Tolmne of the gas, increasing in volume abont one-thirdf 
and acquiring a density of 1-2109. The formation o! solution of 
hydrociilorii! acid is evidenced by the iostantaueous change of 
the blue colour to red. 

73. Solution of Hydrochloric Acid. — ^A solutioa of 
^iis acid in water is one of the most useful and indis- 
pensable reagents in the laboratory, and therefore its 
preparation, and properties, and. tests for its purity, become 
A matter of gieat uaportance to the chemist. 

It is most conyeniently prepared by- the action given 
ia the seoond equation on page 93. Place one part by 
weight of diy ejho chloride (common salt) previously 
fused, and two puts by ■weight of sulphuric acid (pve- 




'viuu'.Iy dilutcil with about one third of watei) in a 
capacious fl^tbk or letoit, shake it well togethei, and 
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connect it -with two (or even tliree) Wonlfe's* tottles, 
and apply a gentle heat. In tlio first Wowlfe'a 
bottle is placed a little water, to arrest the sulphnrio 
acid which may be carried over, as well as any other 
impurities which aro sometimes meehanically carried over 
with the gas. The second bottle may contain water to 
<iissolve the gas, and form the solution. The following 
precautions are, however, necessary. The bottle con- 
taining tie water for the solution should he immersed in 
& vessel of cold water, since the absorption of hydro- 
chloric acid by water is attended by tite evolution of 
great heat ; and, further, the tubes delivering the gas 
should only dip J- or -^^ of an inch below the surface of 
the water, so that the heavy solution of hydi-ochlorio 
acid may iall to the bottom, and fresh water be presented 
to the gas. 

When the solution of hydrocHoric acid gas has the 
density of 1'21, the liquid, if pure, is fuming and colour- 
less. If it now be subjected to an elevation of temperature, 
it paxts with the gas freely, until the liquid which 
remains haa a sp. gr. of I'l at 15'5° C. (60° F.) ; at this 
point it distils over unchanged at a temperature of 
1 12" C. (233° F.) A wearier acid, if distilled, parts with 
its water freely, until it attains a sp. gr, of I'l, when it 
distils over unchanged at a temperature of 112" C. 

74. Impurities of the Commercial Acid, and leatz 
for them. — The commercial acid is lia,hle to be con- 
taminated by — 

Iron, which gives it a yellow colour, and which may 
be detected by adding to it ferrocyanide of potassium, 
which gives, with the iron, a precipitate of Prussian 

Arsenic, derived from the sulphuric acid employed ia 
its preparation. This gives, with hydrogen, aulpbMe, a 
yellow precipitate. 

Sodia chloride, which, as well as the iron, may bo 

• Ordinary wash bottles will do equally welL 
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remored by diluting tlie acid to a sp, gr. of I'l and 



S-al^ihasvus acid and free chlorine — these may be 
detected by adding, to a small portion of the acid, some 
hydrogen sulphide, when, if either or both be present, a 
slight turbicfity Tvill be produced. 

SulpAwric add gives, ■with haria chloride, or iaria 
nitrate, a copious white precipitate. 

K pwre, the acid ^ould leave no residue when 
cTaporated, Hydrochloric acid, whether free or in 
solution, can be decomposed by many metals, hydrogen 
being set free. All the metals which set free water at a. 
red heat decompose hydrogen chloride, forming a metallic 
ciilori.de and setting free the hydrogen, thus — 
Zn + 2HC1 = ZnQ, + H,. 

It is in iact one of the ways in which hydrogen may be 
prepared. 

It acta on the hydrates and oxides of most of tho 
metals, as shown in the following eauationa — 

(].) KaHO + HCI = KaCl + OH, 

Sodio hydrate. Hydroehlorio acid. Sodic chloride. Water. 

[NaHo + HOI = NaCi + H,0] 



— water being invariably produced whilst metallic chlorides 
are formed. 

Ail metallic chlorides, with the exception of argentic, 
mercurous, and plujahic chlorides, are soluble in water ; 
the latter ia, however, partially soluble in cold, and 
readily soluble in boiling water. 

" It may be useful to examine for a moment somewhat 
more closely into the action of hydrochloric acid {either 
in the gaseous foi-m, or as dilute acid) upon the mora 
important metals, and to observe — 
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" 1. That cei-tain metals * are readily dissolved with 
evolTition of hydrogen, cis., K', Na', Ba", Sr", 0»", 
Mg', Pe", Zn", Cd", Ni', Co", Al", and (pulverulent) Cr". 

" 2. Others are only with difficulty soluble in boiling 
acid, vis., Sn". 

" 3. Others again are but slightly attacked by hydro- 
chloi-ic acid, ma., Ag', Pb', Cu", Sb", Bi"'. 

" 4. A few metals are not affected by either hot or cold 
hydrochioric acid, viz., Au, Pt, As, and Hg, and (crystal- 
line) Cr." — Valentine's Practical Cliemistry. 

75. Analysis of Hydrochloric Acid. — 

Exp. 61. Hydrochloric acid raa,y be analyzed by means of a 
cnrrent of electricity. I£ the platinum, or, better still, the car- 
bon electrodes of a battery, be plunged in a vessel containing 
HCl (Fig. 28), gaa is immediately given off. Its smell and bleach- 




Fig. 28. 
ing power demonstrate the presence of eldorlnt, and its inflamma- 
bility gives suspicion of tbe presence of hydrogen. By conducting 
the process in a V-tube (Fig. 29) closed at one end, or in any <S 
the nnmerons forms of voUameters, each gas may be collected 
separately, and it will be found that tbe gas given off at the posi- 
live pole is chlorine, and that at the negative pole Kydrogtn. 



The atomidty marks placed on the right hand side above the 
symbols indicate the nature of the chlorides which the difiereut 
metals form under the given circnmstances. 
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76. Reactions of Hydrochloric Acid. — 1. HydrocMorio 
acid may be readily recognized by its producing, witli 
nitrate of silver a ■white j p 2 '•'^^ °f clllor de of silver 




Tig 29 



(AgCl) -wbich on exposure to light turns first violet and 
then black It (AgOl) is insoluble in nitric acid, but 
soluble m -unmonia and potassic cyanide, 

2 HCl pro 1 icea Trith either acetate or nitrate of lead, 
a white precipitate of chloride of lead (PbClj), soluble in 
an excesi. of boilmg water. 

77 Uses — Hydrochloric acid is largelyemployed in the 
manufacture of chloride of lime {bleaching powder), and 
also in the preparation of potassic chlorate and sal- 
ammoniac (chloride of ammonium). It is also employed 
by the dyer and calico printer as a solvent for tin, which 
ia largely used by both. 



78. Oxygen. — Symbol, O. Atomic weight, 16. Molo- 

hoEiocb/Cooglc 
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cular "weiglit 32 Molecular volump |_|_J ■ 1 litre 

■weighs 16 criths. Atomicity " Evuten. e of atooii- 
city— 

Water,.. OH or [HaO.] 

Potaasic hydttte KH or [KHO.] 

Argentic oxide O 4g or [Hg,0.] 

HypocUorous anhydnde OCl or [ClaO.] 

79. Synoaymes — Oxygen {D£«t i« 1 y ^■nu., I beget or 
^Te rise to), (Lavoisier), DeptlogUiticated^ii (Priestley); 
Empyreal air (Scheale). Vital air, 

80. History- — Oxygen gas was discovered by Priestley, 
August 1, 177i, and called by tim. depkhgisticated aw; 
it was also discovered soou afterwards by Scheele in 
Sweden, who, however, had no knowledge of its previous 
discovery by Priestley. Scheele gave to it the name of 
empyreal air. Iiavoisier, in giving it the name oxygen, 
did so under the idea that it was the acidifying principle 
in all acids ; ajid although we now tnow tMs idea to be a 
false one, we retain the name, as it is both sufficiently 
distinctive and expressive. 

81. Distrihution and Natural History.— Of hU known 
substances osygen is the most widely distributed through- 
out nature, constituting at least three-fourths of the 
terraqueous globe. It occurs in the free state in the 
atmosphere, of which it constitutes 20 per cent (j) by 
volume, or 23 per cent, by weight It occurs, combined 
with hyd/rogen, in water, forming eight-ninths of that 
fluid. It is found in most mineral bodies, probably 
forming one-third by weight of the solid crust of our 
globe, for silica, carbonate of lime, and alumina — the 
three most abundant constituents of the earth's strata — 
contain each about half their weight of oxygen; and, 
finally, it is found in -almost all animal and vegetable 
compoimds, being an essential constituent of all living 
beings. 

82. Preparation. — Most frequently prepared by apply- 
ing heat to some substance which conteins it, and which 
■wUl part with it with s "" ' 
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2Hg"0 = 2Hg + O5. 

Merourio ojude. Mercury. Oxygen. 

Ext. 52. Put into a Aard G«rmaa glass retort some oxide ot 

mercury,* Hg(J, apply heat, and the oxygen gaa will he given 

oflj and may be coUecled at the pneumatic trough, as shown in 




Kg. 31, 

This is ft very pretty class experiment, demonstrating the 
analysis of a compound into its etementa by the application of 
hoat, and is aiao of interest aa the means whereby both Priestly 
and Schcele first isolated oxygen gas ; but it is much too ex- 
pensive and inconvenient for ordinatT' use, or for obtaining the 
gas in other than in very small quantities. HgO has the atomio 
weight 216; thus, Hg=200, 0-16, .-. HgO-216. 

Therefore for every 16 grains or grammes of oxygen we wish 
to liberate, we must use 216 grains or grammes of HgO. 

2. By Leating native manganic oxide (pyroluaite) a 
portion of its oxygen is libeiuted. Thus — 

SWnO, = "■(Mnsl^iiO, + + Oj. 
Manganic oxide. Trimanganic tetroxide or Oxygen, 
Manganoso-manganic dioxide. 
[3MnO, = Mn,04 + O,.] 
" HgO may he made by heating metallic mercury to its boil- 
ing point with excess of air, oxygen is gradually absorbed, and a 
rM powder (mercuric oxide, Hg'sO) is formed. 

t Trimanganic tetroxide ["'(ltln3)'"'0j will be better nnder- 

Btood fi-om its grnphic formula, ,_ ,.-j~W~i-^ ,~. 
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Thia methcKl is adopted when oxygen is required in 
large quantities and expense is a, matter of consideration; 
but as there are many difficulties in the way, it ia not 
generally made use of at the lecture table, and but seldom 
in tiie laboratory. 

The nvingania oxide should be exposed to a red heat, 
when it parts with one-thii'd of its oxygen, a. reddish 
brown oxide of manganese remaining behind, according 
to the above equation. For this purpose a gun barrel, 
stopped at one end, and with a. leading pipe attached 
to the other, to convey the gas to the pneumatic trough; 
or, better still, an iron bottle, such as is used for the 
importation of mercury into this country, is employed, 
having an iron pipe fitted into the neck by grinding, 
and a flexible tube attached to the other end of this 
pipe, to convey the gas wherever it ia required. The 
bottle can then be heated in a fui-naco. The oxide 
of manganese iisually contains some water, as well as 
calcic carbonate and calcic nitrate, so that tho gas 
which comea off, especially at first, ia largely adul- 
terated with steam, carbonic anhydride, and nitrogen; 
the steam and carbonic anhydride can be eliminated, 
but it is not so easy to deal thus with the nitrogen, 
which contaminates tho resulting gas to the extent of 
6 or 6 per cent. 

Black oxide of manganese furnishes, when pure, about 
one-ninth of its weight of oxygen; but t" 
oxide seldom yields more than oue-ef 
twentieth of its weight. 

3. Very pure oxygen, gas may be obtained by the 
action of heat on potassic chlorate. Thus — 

(O3KC1 = Ka + Oj. 

Potassic chlorate. Potassic chloride. OKygen. 
[ICCIO3 = KCl + 0;.] 

This method requires great heat, greater than glass 
vessels "will generally bear, and is therefore seldom 
adopted ia pi-actice. 

4. It is found, however, that if the potassic chlorate be 
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mixed witJi from j to ^ of its weight of some other of the 
metallic oxides, sucK as oxide of copper, oxide of man- 
^aneso, &c., and even powdered glass ajid sand, the osygea 
is g^ven off at a much lower temperature, although such 
oxides have not been, proved to experience any chemical 
change during the operation. 

The equation to this will be the same as the last — the 
manganic, or other oxide taking no part in the reaction. 

6. By the electrolysis of water. 

This method — which has been explained in Chapter 
TIL, page 73, and will be further alluded to in Chapter 
XI. on water — is had recourse to when it k intended to 
demonstrate the composition of water by analysis, or tO' 
obtain the oxygen absolutely pure. 

6, By the action of heat on a mixture of manganic 
oxide and sulphuric acid — 

^ SOsMco" + 
ic acid. Mansanous sulphate. 
OHa + O. 
Water. 
[MnOj + HjSO, = MnSOa •)• HjO + O.] 

7. By passing steam and chlorine through a red hob 
porcelain tube, hydrochloric acid and oxygen are 
formed — 

20H, + 2C1, = 4HCI + O.,. 

See Chapter VII I, page 89. 

Oxygen may be obtained from a number of other 
substances, but those mentioned are the best, and are the 
materials and methods most usually employed, especially 
the methods 2, 3, and 4. Red lead and the peroxides 
of most of the metals when strongly heated furnish the 
gas, as do also the nitrates of potassium, sodium, and 
barium. 

Boussingault proposed to obtain oxygen from the air 
by the action of la/ryta, BaO, on the atmosphere. BaO 
when heated to dull red heat absorbs oxygen, from the air, 
becoming converted into barium dioxide, BaOj, "which at a 
still higher temperature yields up its second proportion of 
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oxygen, and is reconverted into Ijaryta, BaO. There are 
difficulties however attending the application of this prin- 
ciple, and it has hitherto not been practically successful. 

83. Properties. — Oxygen is a gas, oolourl^s, tasteless, 
inodorous, and permanently elastic (that is, it haa never 
yet been liquefied). Of all known substances it exerts the 
smallest refracting power on the rays of light. It 
possMses decided, though weak, magnetic properties, like 
those of iron ; and, like that metal, its power of magnetiza- 
tion can be diminished or even suspended bv a very 
alight elevation of temperature. When tried by litmus 
or turmeric paper, it shows neither acid nor alkaline 
reaction; it does not precipitate lime water; it la very 
slightly soluble in water — at 62° P., 100 parts of water 
dissolve 3 parts of oxygen. It does not bum itself 
(except in an atmosphere of hydrogen), but is the great 
supporter of ordinary combustion and of life. It is 
heavier than the atmosphere, having, according to E^- 
nault, a sp. gv. of 1 'lOSCS— 1 Utre at 0° C, and 760 m.m. 
pressure weighing l'i208 grms., or 100 cubic inches at 
62° F., and 30 inches barometer, weighing 34 '203 grains. 

The chief chemical character of oxygen is its intense 
power of combining with other substances, and, conse- 
quently, its importance in supporting combustion, and 
its absolute necessity in maintaining life. 

84, Tests for Oxygen QiBB.~Mtrie oxide, KgO^, in, 
presence of free oxygen, combines with it eagerly, forming 
dense red fumes of mtrou8 amhydride, NjOg, whidi rapidly 
dissolve in any water or moisture which may be present, 
forming a solution of nitrous acid, 2^1101, 

A. stAixtionoipotassic hydrate, "KHOiinpyrogamc acid, 
rapidly absorbs oxygen, turning black. These two reae- 
tions, therefore, serve as infallible testa for the presence 
ofO, 

Exp. 53. Fill a small graduated tube, three parts full of oxygen, 
at the mercurial pneumatic trough, C, Kg. 33, then paea mto 
it, either by means of the curved pipette A, or the syrmge B, & 
Bolutioa of pj/rogai/icacM in water, and next by the same means 
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some strong solution of poioaaic hi/drafe (caustic potash). An 
immeiliata blacfceiimg of t!ie solution will take place, the ^s 
l\ t -wJl be absorbed, and the mercury will rise 

jj n up and take its place. 

El 1,1 The intense powers of combination which 

OTiygen posseasea, and the products formed by 
its union with the other elements, may bo 
illustrated by a series of brilliant and instruc- 
tive experiments. 

(jOllect six or seven jara of oxygen at the 
pneumatic trough. Some of them should be 
rather large jars, and one is better if it be in 
the globulax form, a^ will be explained in the 
experiment. 

Exp. 54. Take a jar of oxygen (a small 
one will do for this purpose), and a splinter 
of wood, which has been lit for a few mo- 
ments, and blown out, so as to leave one end 
just glowing (a taper, with the wick in a glow- 
ing condition, answers equally well), plunge 
the glowing end into the oxygen, it will imme- 
a flame, and bum with great activity as lon^ aa 
there is any oxygen left in the jar. This is very characteristic of 
OOTfgen, only one other gas, nMrovs oxide, acting in the same way. 
Test now the contents of the jar with moistened blue litmus 
ps^er, and it will be found to redden the paper, proving the pre- 
senee of an acid; next, pour in some lime water, which will 
immediately turn milky, proving the aoid to be cariontc ankydridf, 
<COs}, formed by the union of the oxygea with the carbon of the 
■worn or taper. 

SxF. 55. Take a piece of wood charcoal (if it be splintery, a 
better effect is produced) and having thoroughly ignited it at a 
lamp, plnnge it into a jar of the gas (this time a larger jar should 
be taken), when a most briUiant combnstion will ta^e place, and 
oontinne until all the charcoal or all the oxygen is consumed. 
Teat the product as before with litmus paper and lime water, and 
it will be found to be carhonk aoid. 

EjtP. 56. If a piece of sulphur, about the size ot a nut, be 
heated in a deflagrating spoon, a, flg. 34, and when well alight, 
plunged into a jar of oxygen, standing in a tray of water, it bums 
with a pale violet flame of great beauty. Slight white fnmes are 
formed during the burning, tint these are rapidly dissolved in the 
water in the toay. If, now, the contents of the jar, or the water 



Fig. 32. 
diately burst ii 
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pose a gUsa globe ahould be taken, and filled with oxygen, the 
j-hosphoiiK, a piece about the Hiz* of a large pea, should be placed 
on an iron cup, standing in a tcay of water about 2 inches deep. 




Fig. 34. 



and kindled by being touched with a hot wire, the globe o£ oxygen 
should be placed quickly over it, when the most brilliant com- 
boatiou will take place ; dense white fnmes are formed, which 
become so intenaely luminoas that the eye can scarcely gaze on 
them. After a little time these fumes will condense in the water 
in the tray, which on examination will be found to be intensely 
acid in its reaction. 

Not^. — Phonphonts should never be bandied witli the naked 
fingers, should always he cut under water, and should be always 
dried between blotting or lilter paper before a light is applied. 
Neglect of these precautions may result in a serious accident. 

All the above bodies are non-metals, and are also tnown 
as being ia the ordinary sense of tbe word, " combustible 
bodies." It will be noted that they all form acids. 
Oxygen unites with all the non-metals f:s.ce^t fluorine, 
and forma with them, with the exception of fluorine and 
hydrogen, either acids or bodies which in their reactions 
bohayo like acids. 

But oxygen also unites other elements not usually 
considered combustible, as for instance, zinc, iron, copper, 
and many other metala. 

Exp. 58.— If a piece of zrac foil be made into the form of a 
tassel, the ends gently wanned, dipped into flowers of sulphur, or 
sulphur in powder, than ignited, uid plunged into a jar of oiKygea 
gas, the zinc will he seen to hum with great brilliancy, giving 
rise to a beautiful greenish ilame. On witSdiawing Uie remainder 
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ot the tassel it will be found to have been converteil into a fri- 
able mass, yellow wliile hot and white when cold— ociife of zinc 
(ZnO). 

On testing with the teat papers it will be 
found not to possess either the propecties of 
an acid or an alkali; it belongs, in fact, to- 
that larp class of bodies called bases, whiii 
althongh not soluble in water like the alkalies, 
are, nevertheless, capable of combiniog witli 
the acids, and neutralizing them either par- 
tially or entirely. 

Exp 59 —If a piece of 3roii rod, as thick 
as a lead pencil, he heated to redness in a. 
furnace, and then held m fiont of a jet o£ 
OKjj,en it will bnm with greit bnllnncv, 
throwing ofl aparks and dropping melted 

The Pipenmcnt 13 however, generally performed by twisting 
«cn or twelve atr-uida of fine iron wire (piojiotorte wire) into a- 
rope, and coding it up into a spiral, or by softemng a piece of 
witch spring m a. flame nntil it has k st its elasticity, and coiling 
It up into a spjial, one end of the spiral is then fixed into a cork 
a which fits the necL of the defl^ratiag jar, 
I and the other end is hied clean, heate^ and 
I tipped n ith sulphur It is then lit, and 
fl inserted in a jar of oxygen. The bunung 
B sulphur supplies the heat to raise the iron 
I to the point ot combustion, and the wire 
I takes fire, hnroing with the most brilliant 
I corascaticms, and dropping molten drops of 
I oxide So great is the heat generated thab 

I these drops generally, in spite of the cooling 
H effect of the water through which they pass, 

II melt themselves into the dish in which the 
__„ deflagrating jar stands. On testing both the 

contents of the jar and the tray with test papers, they are found 
to be neutral to both acid and alkaline reactions. 

Thus, we have oxygen entering into combination with moat of 
the elements * (it enters into rfirert combination with all bat 
CI, Bt, I, F, Au, Ag, Pt, and some few others of no practical 
importance, forming with some a6de, with others ■mvirul bodies, 
and with a tiiird division alhaliesj. 

All the Tumr^melals, except hydrogen, and fiuorirm, form 

• At present no combination has been effected between oxngen 
sxiAJluorme, but we have every reason to suppose that ilfium-kic 
eonld be isolated oiyjeii would be found to combine with it. 
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with oxygen one op more compounds, wMch, when soluble- 
in water, possess acid properties. Many of the Tiietals, 
however, by their union with oxygen, give rise to bodies, 
of an opposite kind called bases. These basic oxides are 
not all of them soluble in wat«r, but they all of' them 
possess the property of neutralizing an acid. Intermediate 
between these basic and acid oxides is a third class, which 
does not readdy enter into combination with either acids 
or bases, and are called saline oxides from their analogy 
in composition to salts. Of these we may instance the 
black oxide of manganese, MnOj or MuOjMnOg, the 
magnetic oxide of iron, TooO^ or FcO.FegOg, and red lead, 
SPbO.PhO^. 

At a temperature of 0° C. (32° P.), and pressure of the- 
barometer equal to 760 m.m. (30 inches), 11-2 litres of 
oxygen weigh exactly 16 grammes, or 44-4 cubic inches 
of the gas weigh 16 grains. At a temperature of IS'S" 
C. (60° r.) 48-84 cubic inches weigh 16 gi-alns. 

Knowing therefore the relation between volume and 
weight under certain gi^ en conditions, it it. a simjjlo rule 
of three calculation, to asceitam either the volume of a 
.,iien weiifht or the weight of a gi-ven ■\oIunie, under 
like conditions 

If the conditions of tempeiature and pressure vary, 
cilculate the requued volume or leqnired weight under- 
the normal condition, and then correct it (1 ) foi the 
given tempeiature, (2.) for the given pressure, according tO' 
file examples given in Chapter III., page 36. 

(1.) Wliat will be the volume of 100 grains of oxygen, 
at the noi-mal temperature (0° C.) and pressure 760 

16 grains of Oat 0°C., and 760m.in. pressure oocapy-i4'4:cn1].iii- 
.-.ndlOO „ „ ly ^ 100 = 277-5 cub. in. 

(2.) Required the weight of 100 litres of oxygen gas afc 
the normal temperature and pressure — 
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11'2 litres of O weigh 16 grammea. 
,■- 1 litre of weighs i\°.j grammes. 

and 100 litres of weigh ~j x 100 = rjlT x 1000 = li2f 

(3.) 50 litres of oxygen were measured off at 20° C. 
"VVliat would be tb.e volume of the gas at 0° C., the pres- 
sure remaining unchanged ? 

One Ktre of osjgen measured off at 0° C. becomes 
1 + 20 >! '003665 = 1-0733, at 20° C, 
and as the contiaction on cooling is equal to the expan- 
sion on heating, we have the proportion — 



.-. X = iTj",% = 40-585 litres. 
So again, in tlie calculation of the quantity of any salt 
required to be decomposed to obtain a given quantity (by 
■weight or volume) of the gas, or vice versa, the quantity 
of gas, either by weight or volume, which may be obtained 
from a given quantity of the salt. Find the atomic 
weight of the salt, ajid notice from the equations the 
amount of oxygen which that gives off, and you have the 
means of constructing your proportion. Thus — 

HgO = Hg(200) + 0(16) = 216, whioli yields IG of 0. 

.*. 216 grains or grammes of HgO yield 16 grains, 
or 44-4 cubic inches of O, or 16 grammes, or 11-2 litres 
ofO. 

So KClOg = 122-5; thus, K = 39,01 = 35-5, 
Og = 43, and yield, when entirely decomposed, 48 
of 0. 

.-. 122-5 grains of KCIO3 yield 48 grains or 133-2 cub. 
in. of 0, and 122-5 grammes of KCIO3 yield 48 grammes 
or 33-6 litres of 0, and so on, 

(4.) What weight and what volume of oxygen can be 
obtained from 75 grains of potassic chloi-ate, (KCIO,) } 
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Grains. 

1225 : 


Orains. 

75 


:: "^° ' : x. 


'-Sff 


_ i±^ ^ 29-38 or 291 grains nearly. 


Gmna. 

122-6 : 


75 ' ; 


Cable Imhes. 

: 1332 : <c 


"»=%V 


, „ ^ >^ 


. = 81-551 cubic inolBS. 



IB. — gym bc 
ciilar ■volume, [ ] | . 1 Ktre ■weighs 24 oriths. 

86. History. — Whenever an electric machine is ■wortect 
a peculiar smell will be found to pervade the apartment, 
which for a long time ■was known as the electric smell. 
Professor Schonbein of Bale demonstrated that this smell 
and its corresponding agency existed independently of its 
electric source, that it could be generated at pleasure, and 
by Tarious means, and gave to it the name of Ozone (from 
o£% I smell.) 

It ja now regarded as an allotropic condition (from 
&)i\ot, another; and -rpoiro^, form), of oxygen, i. e., that 
oxygen is in some way modified, or made to assume a 
more active condition; thns, in ordinary oxygen, the 
molecule coosista of two atoms, and is represented by 

q) -waghing 32; 

whereas in allotropic oxygen, or ozone the molecule consists 
of thi-ee atoms, and is represented by 

weighing 48; 

these three atoms or volumes being condensed into two, 
so that its atomic or volume weight is equal to 24. 

87. Prepaiation. — (1.) By transmitting electric sparks 
through air or oxygen. A current of oxygen is passed 
thi-ough a tube, in which are sealed a pair of platinum 
wii-es, with the points a little distance ajiai-t. Wheii one 
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■wire is in connection with the prime conductor of aa 
electrical machine, and the other with the earth, as long 
as the machine ia in action the odour of ozone is perceptible 
in the issuing gas, although but a very small proportion 
■of the oxygen is acted on. 

(2.) If a stick (about 1 inch long) of phosphorus be 
iscraped so as to make it clean, and placed in a ■wide- 
mouthed bottle with a little water at a temperature of 
from 15° to 21° C. (60° to 70 E.), the slow oxidation of 
the phosphorus is attended by tiie production of ozone, 
-\fhicb. in the coxirse of two hours attains its maiximum. 

(3.) By passing an electric current through dihite 
suiphv/nc or chromic add. 

Ozone, when prepared in either of these ways, is always 
largely mixed with air or oxygen. 

Siemens prepares ozone by induction. A kind of 




Fig. 37. 
Leyden jar is made by coating the inside of a long glass 
tube with tin foil ; over this tube is passed a second ■wider 
tube, also coated with tin foil, but on its outer sui-face. A 
current of pure dry oxygen gas ia passed between the 
tubes; this gas becomes electrified by induction, connect- 
ing the inner and outer coating with the terminal ■wires 
of an induction coU. 

88. Properties.— Ozone is a gas invisible and colourless, 
but with a faint sickly odour. It is insoluble in water, 
and in solutions of either acida or alkalies, but is absorbed 
by a solution oi polasBtc iodide. It possesses powerfully 
oxidizing properties, and, consequently, even when lai^ely 
diluted with air, exercises an ii'ritating efi'ect on the 
respiratory organs, and at ordinary temperatures oxidizes 
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»3id destroys organic matter. Ozone possesses considerable 
bleaching powers, and conTerts blue indigo into isalin. 
It rapidly oxidizes silver, iron, and copper when moist. 
Ozone displaces iodine from its combination, ■with tlie 
metals, setting the iodine at liberty; indeed, this reaction 
is so easily prodnoed that it furnishes the most ready 
means of detecting the presence of ozone. 

89. Tests. — Test or filter paper, soaked in a solution 
made of 1 part of potassie wdide in 200 parts of distilled 
■water, aad tiiictened with 10 parts of white starch, 
forms an exceedingly delicate test for the presence of 
ozone. Tlie ozone liberates tiie iodine, which imme- 
diately combines with the starch, and forma the blue 
iodide of starch so characteristic of iodine. 

Paper also, soaked in a solution of marfffonows sulphate, 
MnSOj, shows the presence of ozone by becoming brown, 
owing to the manganese in the sulphate absorbing oxygen, 
and becoming converted into the insoluble hydrated 
peroxide, sulphuric acid being set free. If paper stained 
black with plumhic sulphide, PbS, be exposed to ozone, 
the stain will gradually disappear, the lead and the 
sulphur will both absorb oxygen, and white pkimbic 
sulphate, PbSO^, wiU be formed. 

Ozone has its peculiar properties slowly destroyed at a 
temperature not much exceeding that of boiling water, 
100*' C. (312° F.), while at 300° C. (572° F.), the change 
is instantaneous. 

Wien ozone is absorbed by a metal, no contraction of 
volume takes place, which can only be explained on the 
ground that ozone consists of three volumes of oxygen 
condensed to two, that the metal combines with one 
volume, and forms an oxide, while the other two are set 

Some experiments of Soret favour this supposition, but 
at present they cannot be considered quite conclusiva 



^b, Google 



INOKOASIC CHEUISTKY. 



CHAPTER XL 



COMBINATIONS OF OXYGEN. 



Formation and Roaotiona of Water— Preparation and Properties 
of Hydroxy! — Compounds of Chlonne with Oiygen and 
Hydroxy!. 

90. Water.— Symbol OH3 l^f)— @— VH^ [H^O]- ^"'^ 
ciilar weigSit = 18. Molecular volume, | | |. Relative 
■weight = 9. 1 litre of water vapour, weighs 9 criths. 
Sp. gr. as vapour, 0-623; as liqui^ 1-000; as ice, 0-918. 
Fuses at 0° C; boils at 100° C. 

91. History. — The ancients considered water to be an 
element, one of the four elemente of which they believed 
the earth to be composed. Towards the close of the last 
centuiy it was found that, when hydrogen was burned in 
air, water was formed ; and a little later, Caveudish and 
Watt each demonstrated the real composition of water. 

93. Occurrence, — Most abundantly thi-oughoat all 
nature, both organic and inorganic. 

93. Preparation, — By the direct union of O and H. 
Wienever H is burnt in air or 0, water is formed, as 
shown in Chapter VIL, page 66. 

If dry H be passed over a metallic oxide heated to 
redness, the H takes O from the oxide, forming H^O, 
and leaving tJie metal. Cupric oxide is well suited for 
this purpose. The change that then takes place is repi-e- 
sented by the following equation : — 

CnO + H, = OH, + Cn. 

Exp. 60. — This method of reduemg ciipric oxide may be made 
iiss of to demonstrate OTntheticaUy the comjiosition of water. 
Thus, in Pig. 38, A is a fesk for the generation of liydrogen; E 
is a wash-bottle, containing snlplinrio acid, through wliich tlie 
gas is made to pass in order to dry it ; C is a tube, containing 
cidck chloride, to retain any traces of moisture which may have 
come off from the waah-bottle, B ; D is a combnatiou tube, con- 
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tftining oxide of copper exposed to heat from the Bunaen burner; 
E, B u-tube, containing chloride of caloiuni, to absorb the water 
fonned ; F, a tube to carry off any excefia of gas. 




commencement of the experiment, and their weight noted— D by 
itself, and E and F bj themselves. The ctipric oxide in the bulb 
of D is brought to a state of redness, and at the same time 
hydrogen is disengaged from the flask. A, by the action of dilute 
Buiphurio acidonsnne. The Aydrojen, in passing over the heated 
oxide of co^pper, absorbs osygen, and forms water in the state c* 
vapour, which becomes condensed in the U-tube E, and is ab- 
sorbed by the calcic chloride. After about ten or fifteen minat« 
the operation may be stopped, the tubes detached and weighed. 
The tube D will be fonnd to have lost weight (the amount of Uie 
oxygen abstracted from the oxide of copper); while the tubes 
E and F will be found to have gained weight (the amount oE 
water formed and intercepted by the caldc chloride); and the 
amount of loss by the cupric aade will be (in ^ oases) to the 
amount of gain by caldc chloride, as 16 is to 18 — that is to say, 
that water is composed of 16 of oxygen to 2 of hydrogen. 

2. Water also occurs as a secondary product in numerons 
chemical reactions, as, for instance, in the action of bydrocblorio 
acid on potassic hydrate r — 



94. Composition of Water. — Its composition byweight 
lias been synthetically sbown by Experiment 60, in which 
18 parts by weight of water were proved to have been 

10 E. H 
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formed by 16 parta by weight c 
of oxygen. 

The quantitative determination of the volumetric composition 
ct water is nsually conducted as follows: — 

Exp. 61.— a long straight tube o£ thick dasa, very accurately 
gradviatea, and closed at one 
end, through which two plati- 
num, wirea have hecn melted, 
called a fudioTJieter (iSJioi, char, 
aoAitTpov, a. ■oieasfire) ia taken, 
filled with mercury, and the 
open endplnnged beneath amer- 
cuxial pneumatic trough. A 
quantity of hydrogen gas is 
passed into it, and its volume 
noted, and then a quantity of 
oxygen is passed in, whose 
volume is also noted. The gases 
are now exploded hy means 
of the eltctric spark passed 
throogh the platmum wires; 
^ condensation immediately takes 
iplace, the sides of the tuba 
[become covered with moisture, 

W and the mercury rieea to take 

P^. 39. the place of the exploded gaa. 

If the gases have been mixed otherwise than in the propor- 
tion of2ofHtol o£0, a residuum is left, and this residue 
«n ex^nination is always fonnd to consist of that gaa which 
was in esceaa of the due proportion. Thus, if 100 measures 
<if hydroijen be mixed with 80 measures of oxygen and ex- 
ploded, there will be 30 measures of gas left, which on ex- 
iimination will be found to he pure oxygen; or, on the other 
Land, i£ 150 measures of hydrogen be mixed with 50 measures of 
oxygen and exploded, there will be a residue of 50 measates, bnt 
in thia case it will be found to consist of pure hydrogen. In all 
■caaaa, if the gases are mixed otherwise than in the proportion of 
1 of to 2 ca H, there will be a residue left, which will be found 
-to be the gas which was in excess, and by exactly the amount of 
which it was in eicess of the due proportion. 

If, however, exactly 100 measures of hydrogen be mixed with 
.50 measoreB of oxygen, and exploded, no residae will be left; and 
if means have been taken to conduct the whole experiment at a 
-temperature of above 100° C, it will be found that the resulting 
-volume of gaseous water and steam from the explosion of the 150 
volumes of the mixed gases will occupy exactly 100 volumes ; so 
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EE * 



0H= OHJ 



The analytical composition of Tra.ter, both by voliune 
and ■weight, has been shown in Chapter VTI., page67; in 
fact nearly all the methods for the production of hydrogen 
are modes of analyzing water. 

93. Ahsolutely pure water (such as we require for 
chemical purposes) is never to be found ia nature; it is 
only obtainable by distillation, a method ■which was 
briefly described in Chapter I., page 10. For this pa]> 
pose, on a large scale, a copper still is employed, with a 
copper or block tin worm for the condensation of the 
water. No lead must he employed, since lead ia slightly 
soluble in pui'e water. 




Fig. 40, 
96. Broperties. — "Water, when pure, is a clear, trans- 
jiarent^ odourless, and tasteless liquid. It has neither 
«cid nor alkaline reaction, and may be taken as a type of 
a neutral substance; but its solvent powers (and this, 
mth its neutrality, constitute ite great value to the chemist) 
are greater tiian those of any other known liquid, and cause 
it never to be met ■with pure, unless prepared artificially. 
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It boils at 100° C, forming 3teaTO, and fi-eezesatO'C, bwt 
its behaviour with regard to heat is altogether anoma- 
lous. If ice at 0° C. be exposed to heat, contrary to the 
usual law, it contracts until it arrives at 4" C, when by 
the further appUcatioa of heat, it follows the law and 
expands ; so, on the contrary, warm water regularly con- 
tracts as it loses heat, until it reaches a temperature of 4° 
C, when it expands until it solidifies, and at the moment 
of solidification undergoes an expansion amounting to one- 
twelfth of its former bulk, so that ioe is considerably 
lighter than water, and therefore floats upon it. Space 
will not allow me to dilate upon the importance, the uses, 
and the beauty of this arrangement ; but the ice, staying 
at the surface, and being a bad conductor of heat, protects 
the waters beneath from further change, and the animal 
and vegetable life in the water from destruction during 
the long continued cold of our winter. Thus 4° C, 
(39'2° F.) may be taken as the point of greatest density 
of water. 

At 4° C. one litre of water weighs 1000 grammes or one 
kilogramme ; or, in EngliBh weights and measures, a cubic 
inch of water at 62° F. weighs 252-456 grains, and a 
cubic foot very nearly 1000 {more exactly 997) ounces 
avoirdupois. 

97. Reactions.— 1. By ite action many metallic oxides 
are converted into hydrates" — 

OKj + OHs = 20KH. 

Potaasic oxide. Water. Potaaaio hydrate. 

BaO -i- OH, = BaHo,. 

Baric oxide. Water. Baric hydrate. 

n anhydrides it transforn» them into 



* Wben a body is combined with water, it is usually termed a 
hydrate ; when it is entirely free from water, it is said to ba 
anhydrous (n, not ; VSop, water). This tenu, or rather that o£ 
"anhydride,"ishoweyeru3ually reatricted to those bodies which 
on the addition of water become acida. 
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»A + OH, = 2W0jHo. 

■Kitric anhydride. Water. Nitric acid. 

SOj + OHj = SOjHo,. 
Sulpharic anhydride. Sulphuric acid. 

PA + 30Hj = 2POHos. 
Phosphoric anhydlride. Phosphoric acid. 

3. Many salts, when they crystallize, combine witi a 
certain definite qnantity of water, which ia essential to 
the form they assume, and is called teaCer of cr^ttallixa- 
tion. Thns — 



This last salt, lite many others, when exposed to the 
atmosphere, parts with its water of erystallizatwi, and 
fells into the condition of a white powder ; it ia then said 
to e§loresce. Some salts, on the contrary, such as potam,c 
carbonate, KjCOj, &c., when exposed to the atmosphere, 
absorb moisture, becoming damp and even liqiiid ; such 
ealts are said to deliquesce. That the inater of cri/Etalligar 
tion is essential to the form of the salt, is shown, not only 
by its losing ifa form when the water is driven off, but 
also by the fact that many salts crystallize in different 
forms, aceoi'ding to the amount of water they have 
absorbed. 

On account of the extremely extensive solvent powers 
of water, it is never found pure in nature ; that which 
falls in country districts, after long continued rain, is the 
purest, but even then it contains air and other gases in 
solution. That which falls in the neighbourhood of 
towns, or after long contuiued drought, always contains a 
number of impurities. Spring and river waters vary in 
impurity according to the district throiigh which they 
flow. Thus, water fi-om granite districts is the purest; 
that from the neighbourhood of towns, and trom chaltc 
and limestone districts, less pure. Some waters from the 
granite district of Scotland, tmd from the green sand of 
Sun-ey, contain as little as i or 5 per cent, of solid 
matter to the gallon ; while tliat of the Tliamcs as muck 
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as 21 grains per gallon. The purest natural -water is 
perhaps that of Lake Loka, in the north of Sweden, 
■which flows over hard impenetrable gmnite, and contains 
only ^th of a grain per gallon. Next to that come the 
waters of Loch Katrifie, with 3J grains of solid matter 
per gallon. The waters whim spring from, or flow 
through, limestone districts are characterised by their 
bright, clear, sparkling appearance, due to the presence of 
lime and carbonic acid, and although, in. a chemical sense, 
very impure, and unfitted for ordinary domestic pur- 
poses, are neverthdess exceedingly healthy and suitable 
for drinkiag. Water taken from surface wells in the 
neighbourhood of dwellings, farmyards, and grave- 
yards, is frequently very impure, and even unwhole- 
some to drink, irom the amonnt of organic matter it 
contains. 

98. Tests for Impurities. — The most common impuri- 
ties of river or spring water are common salt (sodiackloride), 
HaCl, chalk {caldc carbonate), CaCOg, gypaum (caJcio 
sulphate), CaS04,withiaagnesic carbonate,and occasionally 
magaesic sulphate. 

99. Test for Salt or any Soluble Chloride.— A solu- 
tion of silver nitrate, WO^Ago, produces with salt or any 
soluble chloride, a white curd// precipitate of silver chloride 
(AgCl), which is insoluble in nitric add, but is soluble in 
ammonia, NHg — 

Had + AgNOa = NO^Tfao + As^l 

Exp. 63.— Take two large test glasses, pej/Mf^ii clean, and fill 
both, witli distilled water ; into one drop a grain ot common salt 
about tho size of a pin's head, you cannot by the taate or appear- 
ance detect in which the salt is ; but by the addition of two or 
three drops of silver nitrate to esch it is at once made manifest. 
The one m which the salt was placed will beaome cloudy, while 
the other remans clear and bnght. Take the cloudy solution, 
divide it into two parts, to one add a few drops of nilrie acid 
(kydrogeniiUTOte) and stir, no effect will be produced ; to the other 
add a few dro^ra of onunonia and stir, the cloudiness will bo 
immediately^ dissolved and disappear, and the solution become 
clear and bright. 
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100. Test for Calcic Carbonate. — Well boil ihe water, 
bubbles of gas {carbonic acid) Tvill be seen to escape from 
it, wbile the calcic carbonate ■wbicb it held in solution 
■voll be thrown down as a whitish-gray powder. 

The rationals of this test is as follows : — Carbonate o 
lime is insoluble in -water, but becomes soluble when the- 
-water holds carbonic acid in solution, as most spring 
-waters da By boUing this ca/rhonie acid ia e 
the carbonate of lime precipitated. 

101. Test for any Lime Salt. — ^A solutio 
oxalate forms -with any lime salt (and therefore -with cahio 
milphat^ a white precipitate of caldo oxalate, which ia 
insoluble in acetic acid. 

102. Trat for Sulphuric Acid. — A solution of hams 
ehlondc or hario nitrate forms -with s^dpkuric acid a white 
precipitate of baric eulphate, which is insoluble in all 
acids— 



BaCl. = 


: OaCl, ^ SO,Eao 


Baric 


Calcic 


Baric 


cliloride. 


chloride. 


sulphate. 



Hydroxyl. 

103. Symbol,(HO)3,orHp2'*"^H:o^or{oH- "^^P*^ 
formula, (EK5)-HoKB). Molecular weight = 34. 

104. Hydroxyl, hydrie dioxide, or peroxide of hydro- 
gen, the second compound of oxygen and hydrogen, was 
discovered by Thgnard in 1818. 

The molecule of hydroxyl differs from that of water, in 
having an additional atom of oxygen united to the two 
atoms of hydrogen. So that its molecule is made up of 
two atoms of the compound radical, CH, (h) — (q,- c 
Ho'. 

105. Preparation. — The preparation of hydroxyl is sn 
indirect process, and is attended with so much difficulty 
that but few chemists have isolated it. 
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1. By passing a cmrent of earhonic anhydride throngli 
water in which baric ^eromde is suapeEded — 

jgBa' eOj + OH, = COBao" + | g^ 
Baric peroxide. Carbonic Water. Baric carbonate. Hy<iroxyL 
anhydride. 
IBaOs + CO, + H3O = BaCOs + 2H0.] 

106. Properties. — Hydroxyl so obtained is a eoloarless 
liquid of a syrupy consistence, an astringent taste, and an 
odour resembling that of chlorine very much diluted. Its 
specific gravity is 1 453. At a temperature of - 30° C. 
(;- 22° F.) it remains liquid, but at a higher teDii>eratm-e 
it decomposes. The compound is a very unstable one. 
At 20° C. (68° F.) it evolves oxygen somewhat rapidly, but 
as it approaches 100° C, it is decomposed with rapidity, 
and even with explosive violence. It is soluble in water, 
and is then much more stable, especially if a, little sul- 
phuric acid is added to it. 

107. Hydroxyl, like chlorine, has powerful bleaching 
properties; it destroys litmus, and nearly all vegetable 
colours ; if a drop be placed on the hand, it produces at 
once a white spot. Could it be prepared easily and 
economically, it would be invaluable as a bleaching «id 
oxidating agent. 

108. Reactions. — 1. By heat it is decomposed into 
water and oxygen — 

*!oH = 20H, + 0,. 

Hydroxyl. Water. Osygen. 
This forms an easy method of analyzing the hydroxyl. 
A given weight of it is placed in a retort with ten or 
twelve times its bulk of water, and distilled over. When 
it rises to boiling point, oxygen is given off freely, the 
gas is collected over mercui-y and allowed to cool; from 
its volume ite weight can be easily calculated, and it is 
found that for every 16 parts of O given ofT, 18 of water 
remain behind, so if 18 of water consist of 2 of H + 16 
of 0, hydroxyl must consist of 2 of H + 2 x 16 or 
32 of O, and therefore its constitution must be H,0„. 
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3. If hydroxyl be mixett with potassic iodide the 
iodine is set at liberty, potassic hydrate being formed — 

^^ ■*■ loH = 20KH + V 
Fotassic iodide. HydroxyL FotasEic hydrate. Iodine. 
If a cold solution of starch be taken into which a small 
quantity of potaasic iodide is put, and a few drops of 
hydroxyl be added, the above reaction will be rendered 
evident by the blue colour, indicative of the existence of 
iodine in the presence of starch. 

3. It is a powerful oxidizing agent ; it converts the black 
plumbic sulphide into white plumbic sulphate, a property 
which has been turned to account in cleaning oil paintings, 
in which the white lead has become blackened by exposiire 
to air contaim" ' ' < ■ - ^ 



PbS" + 4j2g = SO,Pbo' + 40Hr 
Plumbic sulphide. Hydroxyl. Plambic sulphnte. Water. 

Many of the metals, such as gold, platinum, and silver, 
and the peroxides of manganese and lead, especially in a 
fine state of subdivision, decompose hydroxyl into oxygen 
and water, by a catalytic action, but themselves wndei^o 
no change ; while some of the protoxides, as the protoxide 
of lead, effect this decomposition, but are themselves raised 
to a higher degree of oxidation. The osides of gold, silver, 
and platinum, not only decompose hydrosyl, but are 
themselves also reduced to the metaJKc state. 

Compounds of Oxygen and Hydroxyl with Chlorine. 

109. Chlorine forma with oxygen and hydroxyl many 
compounds, hut none of them can be obtained by direct 
combination. The following are all that are known: — 

110. Hypochlorous Anhydride. — Symbol, OCl3[Cl20]. 

Graphic formula, @-@-@. Atomic weight = 87. 

Molecular volume, | '' ' | . Eelative weight, 43-5. Sp. gr. 
(theoretic), 3'005. :feoiling point about 20° C. (68° F.) 

hoEiocb/Coogle 
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111. Preparation. — By passing chlorine over perfectly 
dry mercuric oxide at a low temperature— 

(KffCl 
2SffO + 201j = Jo + OClj. 

(KstC! 
Mercuric oside. Chlorine. Merounc HypocUoroas 

oxychloride. anhydride. 

The chlorine should be passed from the generating' 
flask through a wasli bottle containing water to free it 
from hydrochloric acid, then through a U-tube, filled with 
pumicestone, moistened with sulphuric acid, to dry it; it is 
then passed through a tube filled with mercuric oxide, and 
finally received into a bent receiver, which is surrounded 
by a freezing mixture of pounded ice and salt. In tliis 
receiver the hypocMorous anhydride is condensed into a 
deep red liquid which emits a vapour of a deeper colour 
than chlorine, and of a strong, sufibcating, chlorous odour. 
The warmth of the hand even decomposes this vapour 
with explosive violence, resolving it iato chlorine and 
oxygen ; two volumes of the vapour producing two 
volumes of chlorine and one of oxygen, 

fOCl 

112. Chlorous Anhydride.— Symbol, ■{ [ClaO,]. 

(OCl, 
Graphic formula, €0-@-@-(O)-@. Molecular weight 
= 119. Moleoular volume (anomalous), |" | ) | , Eelative 
weight, 3T'7. Sp. gr., 2-46. 

113. Preparation. — -By gently heating in a wat«r 
bath a mixture of potassic chlorate, nitric acid, and 
ai'senious acid, the reaction takes place in four stages, 
as follows: — 

'■ ISS'o + ■•0'=» = ISS. + ""^'^ 

Potasaic Nitric Chloric Potassic 

chlorate. acid. acid. nitrate. 

2. AsHoj + KOjHo = KOHo + AsOHoj 

Arsenious Mitric Kitroua Arsenic 

acid. acid, acid. acid. 
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a 1 2^^ + KOHo = OClHo + WrOjHo. 
Chloric aeii Jfitrons acid. Chlorous iiciJ. Nitric acid, 

(OCl 
4. aOClHo + O = -i O + OHj. 

( OCl 
Chlorous acid. ClilorouE anfiydride. Water, 

114. Chlorous Anhydride is a -eery dangerous com- 
pound to prepare, as at a temperature exceeding S5° C, 
(131° P.) it decomposes with a violeut explosion. Con- 
tact ■with most combustible non-metaUic elements, as- 
S, P, Se, &c., also causes its violent decomposition. Most 
of the metals have no action on it, but mercury absorbs- 
it completely. The gas is soluble in about ^th of its bulk 
of ■water, when- it forms chlorous acid. 

fOCl 

115. Chloric Peroxide.— Symbol, J ^ [ClOj]- Gi^ 

(oci 

phic formula, @-®-@-@H§)-@. Molecular weight, 
135. Eclative weight, 33^75. Boiling point, 20° 0. 
(68° F.) 

116. Preparation. — It is obtained by acting on fused 
potassic chlorate (broken into coarse fragments), ■with 
about t^wo-thirds of its ■weight of sulphuric acid. The 
action requires to be assisted sometimes by a gentle 
heat; the reaction is represented by the following equa- 

(OCl 



i 9_?I J. 



J nir + 2OO.H0.O < + SOOjHoKo + OH + 



OCl 
O 

o 

oa 



perchlorate. sulphal*. peruiide. 

[3KCIO3 + 2H2SO, = KCIO^ + 2KHS0. + HjO + 2C10a.l 

117. Propertiea. — This compound is gaseous at ordinaiy 
temperatures, but by a slight increase of pressure, or at a 
temperatui-e of —20° C. (—4° F.),itis i-educed to a re<l 
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liquid, which is, however, exceedingly unsto-ble and liable 
to explosion. The gas ia of a deeper colour than chlorous 
anhydride, and of a similar but less irritating odour. In 
the dark it remains unaltered, but sunlight gi-adually da- 
composes it into its constituent gaaea. The gas explodes 
at a temperature of from 60° to 63° C. (140° to 145" F.), 
and therefore requires great care in its preparation. 
Water dissolves about 20 times its bulk of the gas, and 
forma a yellow solution which possesses powerful bleach- 
ing properties. 

118. As Chloric peroxide acts powerfully on mercury, 
it has to be collected by downward displacement. It is 
not possessed of acid properties, but ia rapidly absorbed 
by alkalin e solutions. Mere contact with many com- 
bustibles determine its explosion. 

ExF. 64. — Take equal quantities (from J oz. to 1 oz. of each is 
quite sufficient) of potagsic chlorate and loaf sugar ; powder them 
separately, and mix with a apatula on paper ; place the mixture 
in an earthenware disk (a flower-pot eaucer will do very well) ; 
add but 3 drop of sulphuric acid from the end of a glass nxl 
dipped in the acid, the chloric peroside will be liberated, and will 
be decomposed inatautaneonBly on contact with the combustible 
matter, and sufEcient heat will be generated to cause the whole 
mass to hurst into flame, and deflagrate brilliantly. 

Other oxides of chlorine have been obtained, but their consti- 
tution and their properties have not yet been accurately deter- 

119. Hypoehlorous Acid.— Symbol, OCIH, or ClHo 
[HCIO]. Molecular and atomic weight, 52-5. Graphic 

formula (h)— (o)— (h) 

120. Preparation. — 1. By the action of chlorine upon 
mercuric oxide, in the presence of water — 

2HgrO + OHs + 2CI5 = ^O + 2C3Ho. 
I KgCl 

Hercuric Water, Chlorine. Mercuric Hypochloroua 

oxide, osycliloride. acid. 
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3. By the action of water on hypocMoroua anhydride— 
OCl, + OH, = SaHo. 

EypochlorouH atthydride. Water. HypooMorous acid. 

Water dissolves about 200 times its bulk of gaseoua 
hypochloTOus anhydride, and forms with it a pale yellow 
solution, which has an acrid but not a sour taste. Like 
all the compounds of chlorine, it is exceedingly u 
■when exposed to the light it is rapidly deco 
chlorine being given off in bubbles. It ia & powerful 
oxidizing agent. A solution of hypochlorous acid ia 
decomposed rapidly hy any of the following elements: — ■ 
C, I, S, Se, P, As, and Sb (the latter should be in tha 
state irf fine powder). And the corresponding acids are 
formed — carbonic, iodic, sulphuric, selenic, phosphoric, 
arsenic, and antimonic. 

When brought into contact with silver, the chlorine is 
absorbed, and oxygen set free, while copper and mercury 
absorb both oxygen and chlorine, and form oxychlorides; 
hut its most important application ia its bleaching power, 
which is double that of chlorine. 

When it combines with the alkalies or earths, it forms 
tie salts called hypoeldorites. These salts are decom- 
posed by the weakest acids, even the carbonic; and the 
chlorine set free shows its presence by its usual bleach- 
ing effect on vegetable colours. 

The most important of these compounds of chlorine, 
with regard to bleaching power, are those with the 
alkali metaJs, and notably with that of lime, called 
diloride of lime, but most probably a hypochlorite of lime, 
ita formation seeming to be represented by the following 
equation. 

CaHo, + Oj = Ca(OCl)CI + OH,. 
Calcic hydrate. Chlorme. Bleaching powder. Water. 

By the action of acids, this compound yields freo 

Ca(OCI)Cl + SO„Ho, = SOjCao" + OHj + CI,. 
Bleaching Sulpliurlo Calcic Water. CMorme. 



powder. acid. Bulpliate. 
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121. Chlorous _ Aeid.— Symbol, OClHo or |Jg 
[HOlOg]. Molecular -weight, 68'5. 

122. Preparation. — It is formed by the action of 
■water ou chlorous anhydride ;— 

ir + OH, =. 2!gg 

loci ' **"■ 

Cliloroua anhydride. Water. Chlorous aoid. 
Iiike all the compounds of chlorine, it posseaaes great 
"bleaching aad oxidating powers ; it acts slowly on bases, 
forming a aeries of aalts called chlorites. Most of the 
■chlorites are deliquescent. They may be expressed by the 
general formula M'ClOg. They are very unatable, being 
decomposed by the weakest acids, even by carbonic 
acid. 

f on ( ^^^ 

123. Chloric Acid.— Symbol, ^ JJ^ or ^ or 

( OJio [ OH 

'[HClOg]. Molecular weight, 84'5. 

124. Preparation. — 1. By the action of diluted 
hydrofluosilicic acid on potassic chlorate ; — 

=|gf. + w. = HSh. + ^-^.-^^ 

■potassic cMoraie. Hydrofluosilicic CMorio acid. Potaesio 
acid. silicofluoride. 

PKCIOj + HjSiFj = 2HCIO3 + KjSiPg.] 

3. By the action of dilute sulphuric acid upon baric 
chlorate : — 
OCl 
Eao' + OO^HOs = 2 1 g^^ + SO^Bao', 

Loci 

Eario chlorate. Sulphuric acid. Chloric aoid. Bario sulphate. 

[BaClsOa + H^SOi = 2HCIO3 ^ BaSoj.] 

The reaction in both cases is similar in throwing down 

the base of the chlorate in an insoluble form, which may 
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then be separated by .filtration,* leaving a weak solution 
of the acid. 

This acid solution may then te evaporated over the 
■water bath, at a temperatnre not exceeding 38" C. 
(100-4° I".), tall it attains the consistence of syrup. 

125. Properties. — It has a powerfully acid taste, and a 
faint chlorous smelL It is immediately decomposed by 
organic matter, and when concentrated ■will set fire to 
paper.. 

At a temperature a little above 38° 0. (100° F.) it is 
decomposed into perchloric acid, water, clilorine, and 
oxygen — 





fOCl 
lOHo 


OH3 + Cla + 20a. 


Chlorie add. 


Perciloric add. 


Water. Chlorine. Osygen. 


[3HCIO3 


= HCIO4 + 


HjO + C]n + 20,.] 



It also undergoes spontaneous decomposition gradually 
in difiiised daylight: 

Ifote, — Both chloric and peccMoric acids, it allowed to touch 
the skin, produce wounds which are very painful and difSoult to 

126. Preparation and Properti^ of the Chlorates. — 
The chief use of ckloria acid (hydric chlorate) is in the 
preparation of the metallic chlorates. This may be done 
by neutralizing the acid by means of the carbonate or 
oxide of the metal, thus : — 

[EaO + 2Ha0s = Ba2C10a + H^O.] 
[PbO + 2HC10j = Fb2C10j + HjO.] 

The most important of the chlorates is that of potassium, 
which is prepared as follows ;— 

A current of chlorine is passed into a saturated solution 
of potassic hydrate — 

■" The filtration mnst be eondncted throagh a ping o! gun 
cotton or asbestos, as the chloric acid would be decomposed by 
contact with the filter paper 
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60KH + SCI, = 5KC1 + j g^'^ + 30H^ 
Poiaasio Chlorine. Potaasio Potaasio 

Kydrate. chloride. chlorate. 

This process is, however, not economical in practice, five- 
sixths of the potassium being converted into its chloride, a 
comparatively cheap and useless salt. It is therefore 
customary in manufacturing potassic chlorate on a larga 
scale to use calcic chlorate instead of potassic hydrate. 

By theaddition of potassic chloride to the calcic chlorate, 
potassic chlorate is formed, which can be Beparated from 
tlie calcic chloride by crystallization — 
fOCl 
Cao" + 2KC1 = 2 j J^^ + CaCIp 
.001 

Note. — Calcic clilorate can be easily made by passing a current 
of chloriua through a boiling solutiou of milk of lime. 

The chlorates are all soluble in ■wat«r ; they are all de- 
composed by heat, giving up either a part or all of their 
oxygea, and leaving the metal in the form of an oside or 
chloride; they all deflagrate ■when thrown on lighted 
charcoal; they all give np their oxygen readily to all 
combustible bodies, especially when heated, combining 
■with some, as phosphorous sulphur and antimony, ■with 
sufficient -violence to cause an explosion. On this account 
they are much used for fireworks and coloured fires, the 
metal -with which they are combined imparting different 
colours to the flame, thus — 

Strontie chlorate or nitrate imparts to flame a bright red tint, 
Baric _ „ „ „ „ green „ 

Potassic „ „ „ „ violet „ 

Sodic „ „ „ „ yellow ,, 

Cuprio „ „ „ „ blue „ 

This eagerness of the chloi-ates to enter into active 
combustion was illustrated in Exp, 64. It frequently 
happens that mere friction is sufficient to produce a 
violent detonation, for example — 
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Exp. 65. — It the Bamo bodies be powdered eepsraiety. then 
carefully mixed togeilipr on a card, with aa little frittion as 
possible, wrapped up tightly in paper, and struck a smart blow 
with a hammer, a loud oxplosion will be produced. 



B Bulphide (SbsSj) and potassic chlorata 
(KCIO3), and mising them lightly and cautiously with a feather. 
Note. — Do not use more than one grain of eauh. 

Note. — The union of chlorine with hydrogen is exceodin_^ 
stable, but all the compounds of chlorine with oiygen and 
hydroxy 1 are easily decomposed. 

fOCl 
127. Perehlorio Acid.— Symbol, \ O [HCIO,]. 
(OHo 
Moleculac weight, 100-5. Specific gravity, 1-782. 



CHAFTER SII. 



128. Boron.— Symbol B. Atomic weight = 11. Pro- 
bable molecular weight - 22. Sp. gc. of crystals, 2-Ga. 
Atomicity,"', Evidence of atomicity: — 

Eorio chloride, S"'C1 

Boric Muoride, S'Tj. 

129. History, — Boron was discovered by Davy in 
1807, and about the same time, independently, by Gay 
Lusaafl and Thenard. 

130. Oecurreiice, — It is never found pure in nature,, 
being always in combination with oxygen as horia arJiy- 
dride, either free, or more generally in combination with 
some of the metaia. Its most important salt is borax, a. 
compound of the base soda with borie anhydride. 

131. Allotropic Modiflcations.^5or(»w differs from 
carbon and silicon in its atomicity, being a triad, while 
those elements are each of them tebrads ; but it resembles 

■ 1 being capable of existing in three allotropic 



10 E. 
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forms: — (1.) Uie amorphous; (2.) The seint-crystalliiie 
or graphitic ; and (3.) The crystalline variety. It also 
presents great analogy with silicon ia its properties and 
mode of combination. 

132, Preparation. — (1.) Amorphous Soron — Boric 
anhydride is ignited with sodium, in a covered crucible. 
The oxygen leaves the boron and unites with the sodium, 
forming sodic oxide, which may be removed by treatment 
■with hot water and dilute hydrochloric acid. (See 
Miller's SkmenU of Chemistry, vol. II., p. 252.) 

BjOj + 3Na, = aONft, + Bs- 
Boric anhydride. Sodium. Sodic oxide. Boron. 

Or by passing boric chloride over heated potassium — 
2BCls + 3K2 = 6KCI + Bj. 
Boric chloride. Potassic chloride, 

133. Properties. — Amorphous boron, as thus obt^ned, 
is a dull olive green powder, which, however, becomes 
denser and darker when heated in vessels from which the 
air ia excluded. It is very slightly soluble in pure 
water. It is not very readily oxidizable, except when 
heated, and it then bums either in air or oxygen gas, 
with a reddish light and vivid scintillations. It also 
deflagrates powerfully if mixed with potassic nitrate and 
heated to redness. 

It decomposes hot sulphuric acid, nitric acid, and also 
carbonates, sulphates, and nitrates of the alkaline metals 
(£, Ha);— 

Bj + 300.,Ho, = B^Oj + 30H, + 300,. 

Sulphuric Boric Water. Sulphurous 

acid. anhydride. anhydride, 

£, + GNOjHo = 2BHo, + STSI'-Oj. 

Nitric acid. Boric acid. Kitrio 

peroxide. 

B, + aCOFao, = 2BN"jL0, + SCO. 

Sodic carbonate. Trisodio borate. Carbonic 

Eoron is the least abundant of the non-metals; it is met 
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■with in. but few places, but on account of tie powerful pro- 
perties as a, flux which borax possesses, it 13 of great 
ohemical importance. 

134. Boric Anhydiide. — Also called horack anhydride. 
Symbol, B^Oj. Atomic aJid molecular weight = 70. 

Sp. gr., 1'83. Graphic formula, (S)^)-®-®^^) 

135. Preparation. — By fusing boric a«id at a red heat — 

2BH0, = Bfis + 30H,. 
Boric acid. Eoric anhydride. Water. 

The acid merely fuses, and forms on cooling a glassy, 
hard, ringing mass. A certain amount of loss from yola- 
iilization always takes place. 

Boric Acid. 

136. Eoracic Acid, Orthohoric Acid. — Symbol, BH03. 
Atomic and molecular weights, 63, Sp. gr., 1'479. 



@ 

Graphic formula, fg\ 

@ ® 
® ® 

137. Occurrence. — It is found in the mineral called 
tincal, an acid borate of^ sodium (B^O^NaogilOOH,), 
obtained fr<»n Thibet, and in boracite, a borate of magnesut, 
found in Saxony ; but its most abundant source is the 
Maremma of Tuscany, where it is found, in an un- 
combined state, associated with hydrogen sulphide; it 
is mixed with the steam which issues from the fv/merolts 

The steam and vapeurs from these yWnero^^a are con- 
ducted into artificial basins or lagoons, the waters of which 
on evaporation yield a crude boracic acid, from which the 
greater paii of the boi-ax of commerce is manufactured. 
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For a description of the process see Miller's i 
vol. n., page 253. 

The commercial acid is purified by adding to it sodic 
carbonate as Iot^ as effervescence occurs, vrhen boyax or 
sodic borate is formed, which may be obtained by crystal- 
lization. 

The pure Soric acid may then be obtained by treating 
a hot saturated solution of borax with either hydrochloria 
or svJjiku'ric acids, when the horie acid is set free and 
aodie chloride or sodic svipkate is formed. These being 
very soluble, while boric acid is sparingly so, the latter 
crystallizes out on cooling in the form of pearly looking 
scales, with a greasy feeling to the touch — 
Sfi^ViaOi* + 2HCI + 50H, = ASBo, + 2NaCI. 

Borax. Hydrochloric Water. Borio acid. Sodic 

acid. chloride. 

138. Properties. — The crystalsof Sortc acid effloresce and 
losewater at a slight heat; but at a temperature of 100°C. 
it becomes, by the loss of water, conyertcd into metaboria 
acid, thus — 



By an increase of temperature all the water is driven off, 

and it becomes converted into boric anhydride. Bona 

add imparts to its compounds the property of fusing very 

readily. This is in fact its chief v 

borates, especially sodic borate, 

in the reducing of metals from their t 

processes of the arts, as in the gla™ig o 

Most borates fuse to transparent glas 
borates, when fused with certain metallio oxides, take 

* The graphic formula for boras ia 

@-@-© (B>-@-(D ®-®-@ 
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them up and dissolve them, forming a douhle borate of 
the alkali and the metallic oxide which are marked by 
characteristic colours. Hence the great use of borax in 
analysis and in blowpipe reactions. 



CHAPTER XIIL 

CarTjon — Proparatioa — AHotropic Forms .— Combinations — Pre- 

Saration and Properties of Carlioiiic Osido— Carbonic Auhy- 
ride, ita Preparation and Properties. 

139. Carbon, — Symbol, C. Atomic weight = 12- 
Atomicy 0' and O". Specific gravity varies; in ita most 
dense form, that of the diamond, the sp. gi". = 3-5. 

140. Occiurence. — Most abundant in all nature, being 
found to a slight extent in the air and m.ost natural 
water, somewhat abundantly in many of the rocks, and 
very largely in all animals and vegetables. It is, how- 
ever, generally found in combination. 

Carbon, like boron, occurs in three distinct forms, or 
(dlotropic modifications — viz. , the cryataUine, the graphitic, 
and the amiyrphovs. 

141,-1. Ciyatalline Carbon, as the diamond. These 
have never been produced artificially. They are found 
native in various parts of the earth, and are noted for their 
intense hardness, the high lustre they are capable of receiv- 
ing, and their high refractive power on light ; these 
qualities, combined with their rarity, cause them to be 
highly estimated as jewels. If a diamond be heated to 
redness, and plunged in oxygen gas, it swells up, and 
becomes converted into a mass resembling coke, which 
turns away, and leaves as the product of combustion pure 
carbonic miJiydride, CO^. The diamond crystallizes in 
forma belongii^ to the cubical system (1st system). It 
is the very purest form of carbon. 

142. — 2. Graphitic Carbon, as "grapldie" {fram yp&^«>, 
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/ Virile). It is found among the older metamorpHc rocia 
in many parts of the earth, and is probahly altered 
vegetation. In England it has been generally obtained 
from the mine of Borrowdale, in Cumberland, bnt that is 
now nearly exhausted. 

143. Properties. — Graphite, plumbago, or black lead, 
may be known by its peculiar metallic gray lead-Kte 
Instre, its power of conducting teat and electricity, its 
specific gravity (2'15 to 2-35), its softness, the marks it 
leaves on paper, and its crystallizing in hexagonal tabJos 
belonging to the rhombohedral system. It is never found 
perfectly pure, as when burned in oxygen it always leaves 
a. small amount (from 2 to 5 per cent.) of ash. 

144. TTBes. — For the manufacture of lead pencils; when 
mixed with fire-clay it makes cracibles, largely used by 
the metallurgist; as a polish for iron surfaces to prevent 
them from rusting; and also to lubricate machineiy, 

145. Preparation. — It can be artificially prepared by 
aUowing iron which has been heated with excess of carbon 
to cool slowly. Small quantities of graphite, in the shape 
of minute black scales, are always fomid disseminated 
through the mass of gray cast iron. A hard variety of 
imperfect graphite is also found coating the inside of the 
hottest parts of the retorta used in the manufacture of 
coal gas. It is this graphite which is used as the negative 
element in Bunsen's batteries, and also as the electrodes 
in the production of the electric light. 

146. — 3. AsaOT'^hovsCaxhOJi, as charcoal, eoH, soot, &c. 
Carbon is never foxmd naturally in the amorphous con- 
dition. Charcoal is of two kinds — wood charcoal and 
animal chareoal, or hone black. 

147. Wood Charcoal is prepared either by distilling 
wood in covered crucibles, when all the volatile products, 
as acetic acid, 4c., and a small portion of the carbon, pass 
over; leaving the greater part of the C behind as charcoal; 
or by heaping up billets of wood around a central heap 
of brushwood, and then covering the whole mass with 
powdered charcoal, earth, and clay, so as to exclude the 
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air, with the exception of a small opening through wMoh 
lighted iaggots can be introduced to fire the brushwood 
in the centre, and through ■which the admisaion of air 
can be regulated. "When tar ceases to be formed, it is 
covered up and left to cool. "When cold, the charcoal ia 
fit for use. The quantity and quality of the charcoal 
produced depends much on the nature of the wood used, 
and the rate of combustion. 

148. Animal Charcoal, or bone black, ia made by burn- 
ing bones, or any animal substance, in a closed vessel. 

Ext. 67. — Nearly fill a tube with dry ammonia or tydroclilorii) 
acid gaa over mercury ; than heat a piece o£ charcoal about the 
size of a bean to rednesa, to expel all the moistara, and plunge 
it, while still glowing, beneath the surface of the mercury; after 
keeping it there a few aeconda, allow it to ascend into the gas in 
the tube. Note that the volume of the gaa diminishes, and the 
Jttercuty rises in the tube to supply its place. Any gas might ba 
used, bnt the more soluble ones are absorbed moat rapidly. The 
object in exposing the charcoal to a red heat ia to expel all moia- 
tare or gas with which it may happen to be saturated. 

If the charcoal be exposed to the gas for twenty-four hours, at 
the ordinary temperature and pressure of the atmosphere, its 
power of absorption for the different gases may be expressed by 
the following table : — 



G5 „ of sulphurous anhydride. 

55 „ of hydrogen Bulphide, 

35 „ of carhonic anhydride. 

3 25,, of osygen. 

l-23„ of hydrogen. 

If a piece of charcoal saturated with hydrogen mdpMde bo 
brought in contact with free oxygea, an erosion takes place. 
It is to this power of absorption which charcoal possesses that 
it owes its deodorizing, disinfecting, and decolorizing properties. 
The oxygen gets absorbed ia the pores of the charcoal, and is 
tlina brought into cloae contact with the other gases wluoh are 
absorbed, which being thus burnt or ojudized are deprived of 
their odour. 

149. Properties. — The most remarkable property rf 
amorphous carbon, in the form of charcoal (especially 
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when po'wdered), is its po^wer of absorbing gasea and 
vapours, aad especially organic colouring matter. 

Animal charcoal possesses this property also of ab- 
sorbing and deodorizing gases, but in, a much less 
degree ; but, on the other hand, it possesses in a remark- 
able manner ihe po'wer of throwing down and decolor- 
izing all organic substances, as indjgo, logivood, &c., a 
property ■which renders it very valtiable to the sugar 
(refiner, and also for the purpose of filtering out organic 
impurities from water, 

150. — Soot and Lamp Black are neither of them pure 
forms of carbon. The former, which is condensed smoke, 
is valuable as a manure on account of the ammonia it 
contains. The latter, which is obtained by burning 
bodies rich in C in a limited supply of air, and collecting 
and condensing the soot, is most probably a mixture of 
carbon and several hydrocarbons, Its chief use is in 
the manufacture of Indian ink ajid other black pig- 
ments, whUe the coarser vaiieties are used for printers' 

151. — Coke is theresidueleftwhencoalhasbeenexposed 
to a great heat in a closed retort or oven, into which no aii 
has been admitted, but from which the volatile products 
can escape freely. Coke is very nearly pure carbon. It 
does not ignite so easily as coal, but it gives out more 
heat than an equal weight of coaJ, and with little or no 
smoke. 

158. Combinations. — Carbon combines with — 

Oxygen to form carbonic aiiJii/dride, COj. 

Oxygen to form carbonic oxide, CO. 

Hydrogen, chlorine, and nitrogen, in a large number 
of proportions, forming an extensive series of compounda ; 
but as all these belong to Organic CJiemistry, they will 
bo treated of in the volume on that subject. 

Sti^hwr to form carbonic disulphide, CS/. 

183. Carbonic Anhydride.— Symbol, COj. Molecular 
volume, [ ' ( . Molecular weight = 44. 1 Htre weighs 
22 crithsriielative weight therefore = 22, Specific 
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gravity, 1-52. Fuses at — 57°. Eoils below its melting 

154. Synonyms. — Carbonic anhydride. Carbonic di- 
oxide. Carbonic acid. Fixed air. 

155. History. — Discovered by Dr. Black in 1757; and 
from the fact of his finding it as a fixed or solid con- 
stituent of limestone, and from its Incoming fixed or 
absorbed by solutions of the caustic alkalies, he callejl it 

156. Occurrence. — In a. free state in the atmosphere, 
and ill solution in water. 

157. Formation. — By the burning of carbon and all 
carbonaceous substances in the air or in oxygen. In tim 
lespiration of man and animals ; in all the various pro- 
cesses of decay and fermentation which are going on 
around us ; in the burning of lime in the lime-kiln. 
From volcanoes and volcanic action, carbonic anhydride 
is largely evolved. 

168. Preparation. — 1. It can be artificially prepared by 
turning carbon in air or oxygen — 

C 4- Oa = CO, 

Carbonic anhydride. 

2. By the action of an acid on metallic carbonates — 
COKo, + SOaHo, = COj + OH, 
Potassic carbonate, Sulpiurio acid. Carbonic anhydride. Water. 
[KCOj + HsSO^ = COj + HjO 
4- SO,Ko. 
Potassic salphate. 
+ KSO,,] 
COCao" + 2HC1 = COj + OH, + CaCl, 
Calcic HydrocMorio Carbonic Water, Calcic 
carbonats. acid. anhydride, chloride. 

The latter method is much the beat one for producing 
carbonic anhydride in any quantity suificient for the 
examination of its properties. 

Marble, limestone, Iceland spar, chalk, snella — as 
oyster and mussel shells, &c. — are all of them carbonate 
rf lime, and may be represented by the formula COCao" 
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[CaCOj], and all yield carbonic acid when acted on by a. 
sufficiently etrong acid. 

169, PropertieB.— Under the ordinary pressure of the 
atmosphere, carbonic anhydride is a coiowrlesa, trans- 
parent gas ; but, if generated in a confined space, it 
becomes condensed into a clear liquid, transparent and 
colourless as water, which, according to jRegnault, boils 
at - 78° C. (- 109° F). At 0° 0. (32'' P.)— freezing: 
point of -water — according to Faraday, it requires a. 
pressure of 38 '5 atmospheres to keep it in the liquid 
state. When a stream of the liquefied body is allowed 
to escape into the air, it freezes into a snow-white solid. 

Carbonic anhydride in the gaseous state is neither in- 
flammable nor a supporter of combustion; in fact, its 
property of extinguishing a lighted taper is one of the 
means resorted to for detecting ita presence. As, how- 
ever, some other gases have this property, this alone is 
not sufficient, and accordingly its property of rendering 
lime or baryta water turbid or milky is nsually the dis- 
tinctive test for carbonic anhydride. This is caused 
by its forming a carbonate of the lime or the baryta, 
which being insoluble is thrown down as a white 
precipitate; if, however, the carbonic anhydride b© 
continued to be passed into the liquid, the precipitate 
is re-dissolved, being soluble in excess of cfflrfcowJe 

It has a slightly acid taste and smell, and reddens 
moist blue litmus paper; it is poisonous and destructive 
to animal life, but is positively essential to the growth of 
plants. Its specific gravity is about 1^ times that of air, 
so that it may be collected by downward displacement, 
and poured from one vessel to another without much 
loss or admixture. It ia also very soluble at 0° 0. ; 
water dissolves about 1'8 of its own volume of the gas. 
It is always present in the air to the extent of about 
i?,^(;5 of the air, 100 pints of aii- containing '04 piiits 
of GOy 

Exp. 68. — In a wide-moutlieJ bottle put some fragments ot 



^b, Google 



CABBONIC ASHTfDKIDB. 139 

marble or chalk, or any otber carbonate ; just cover tieni witli 
water, and add (by means o£ the safety-funnel) commercial 
muriatic add slowly. A brisk effervcBcence takes place, the gas 
is given off freely, and, on account ot its weight, may be 
collected by downward diaplacement (Fig. 41). Several 
jara having been collected in this way, and their mouths 
covered with greased glass plateB, its properties may be easily 
examined. 

Exp. 69, — Into a jar of the gas insert a lighted taper; the taper 
ia extinguished, and the gia itaelf does not take fire— that is, it is 
neither a Supporter of combnstion, as oxygen is, nor is itaelf com- 
bustible, as 13 hydrogen. 

Exp. 70. — Into a jar of the gas poar a little lime water, close 
the jar with a glass plate, and thoroughly shake the two ; the 
lime water will become turbid or milky, and the gas will be 
found to be absorbed, as the jar may be now inverted without 
the plate falling off. 

Exp. 71. — Tlat carbonic acid is heavier than air, may be 
proved in a variety 
of ways. It may be 
poured from on j 
into another 1 k 
water, its pre 
or absence b g 
made evident by ts 
action on a burm g 
taper. Or it may b 
poured into a bght 
]ar attached to a 
balance, and c un 
terpoised by we ght 
in the opposite at 
<Fig.42). Orcarb 
anhydride may be 
raised ia a gl as 
bucket from a la g 
jar, and poured t 
another jar wh h h 
shown to be emptj 

Exp. 72.— Th t th p p i t f rmed by carbonic anhydride 
and lime is re-dias 1 ed n f th hydride, is shown by 

allowing the deh y t b £ th gas b ttl generating CO,, ti> 
dip into a beaker or test-glass partially filled with lime water. 
The clear lime water imm^iately becomea milky; but, if the gas 
continue to pass over, after a timt (about half an hoar) the water 
becomes quite clear :^ain. If now this clear liquid be boiled, 
the excess of CO, i "" "■■..-. - ' 




t ted by a light, and 



n to pass off in huhMes, the liquid h 
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comes turbid, chalk or carbonate of lime (COCao''') beingthrowu 
down as an insoluble deposit. 

Exp. 73. — The existence of tarbonic anhydride ia the atmo- 
ephere may be demonstrated by leaving some lime water exposed 
to the air in a glass dish; in a very few minutes a white powdei" 
will form on the top, which, on agitation, will sink to the bottom. 
a is insoluble carbonate of lime. 




Fig. 42. 
Exp. 74-— Its faint acid reaction may be by p tt a 

Sjece of moistoned blue litmns paper in a ja f orb aj ly 
ride, which, after some Ettle time, will be f d to b Uglitly 
reddened. 

The production of carbonic anhydiida in c mh t has b 
already proved. That it is also a resnlt of e>p rit and f 
mentation, may also be easily proved by exp nm t 

Exp. 75.— By arranging two bottles, aa ah w Fig 43 d 
inspiring through the tnbe A, air will hubbl thr gh th 1 
water in B, brfore reaching the lungs, hut will t ca th 
lime water to become milky (unless after ioKg-coniintied action); 
but the air which ia expired will bubble lirongh C, and will 
speedilyproduce turbidity or milkiness. 

Exp. To. — If a little sugar (brown is beet) be dissolved in aaven 
or eight times its weight of warm water, in a flask, and a little 
dried yeaat, previously rubbed down in a mortar with water, he 
added, fermentation will commence almost immediately, and the 
carbonic aiili}'dtide may be collected in the uanal way. 

The formation of COj by the bumins of charcoal m oxygen is 
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a synthetical experiment, proving that it containa both osygen 
nnd carbon. By the following arrangement of apparatus (fig. 
44), it can be proved to contain nothing bnt oxygen and 
carbon, and the proportion in which each enters into its compoai- 
tion can be accurately determined : — 

A is a Pepy's gasholder containing osygen ; B, a wash-bottle 
containing strong anlphuric acid C a U tn le filled with lumpa of 
calcic chloride D afur 
uace through which pas 
Eea a hard glass combu 
tion tube E in thta 
tube la placed a pia 



very pnre carbon 
senes of buibs filled 
with a strong edutiin 
of potassic hydrate H 
a U tube fliled with 
lamps o£ potaaaii- hy 

The platinum tray 
with the charcoal, the 
bulbs G witli the potash 
Eolution and the tube 
H with the potash are 
each sepiratety weighed 




Fig 4i 
'epiratelj through the nhole 




Fig 44 
■PparntiiB while the charcoal la brought to a red heat m the 
furnace. 3he charcoal bums bnlliantly in the o-^jgen, and 
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the resulting gaa ia carried forward throngh. the apparatus; 
in the tube f any possible moiature is arrested, while the 

Sotaasic hydrate arrests all the tarbonic anhydride, hy com- 
ining Vfiui it and forming with it yodwsio mrbonate. When 
tte apparatus is cold the platinum, tray with the charcoal is 
again weighed, and its loss in weight indicates the amount of 
carbon consumed, while the increase of weight of G and H 
indicates the amount o£ carbomc anhydride formed ; the dif- 
ference of these two amounts being, of coarse, the quantity of 
cxj/gen which has combined with the carbon. It is invariably 
fonnd Uiat the proportions are as 12 to 32 — i. «., 12 parts of O 
"2 parts of O to produce 44 parts of carbonic ^diydride. 



COs. 



1 the 




gaa, the metal will melt and take fire, burning brilliantly at the 
expense of the oxygen contained in the carbonic anhydride; when 
the apparatus is cool, plunge it in water, the alkali is dissolved, 
and small black particles of carbon are found Seating in the 

Exp. 78. — Affix a piece of magnesium ribbon, about IS cen- 
timetres (6J inches) m length, to the bowl of the deflagrating 
apoon, or to a bung, and having set Are to it, plunge it in a jar of 
earhonie anhydride; it will continue to bum, depositing white 
flakes of m^nesic oxide, among which will be interspersed the 
black particles of carbon. To separate these, wash the jar out 
with a little distilled water, ponr it into an evaporating dish, and 
add a few drops of strong hydrogen chloride, and apply heat. 
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160. Carbonic anltydride is nsually known in most 
works on chemistry as ca/fhonic acid, and lylien in union 
with water it acts as a feeble acid ; but the substance 
carbonic acid, COHOg [CH5O3], has never been isolated, 
and is therefore not known. With the alkaK metals 
(K and Na) CO^ forms two well defined salts, the car- 
honate and hiearhonate; but with all ita salts, its combina- 
tion is so weak, that it is separated by effervescence by 
any of tte other acids, 

161. Carbonic Oxide. — Symbol, CO. Atomic and 
molecular weight, 28. Molecular volume, |~~^ [ , Rela- 
tive weight, or weight of 1 litre = li critfe" Specific 
gravity, -967. 

163. History. — As at present known, carbon forms 
but two compounds with oxygen, of which this is one. 
It was discovered by Priestley, but its true nature was 
made known by Cruiishank in 1802. 

163. Foimation.- — It is formed whenever, carbon or 
any carbonaceous substance is burnt with a limited 
supply of air, as also in the destructive distillation of 
many substances containing oxygen. 

164. Preparation. — 1. By passing steam through an 
ircn tube filled with small lumps of charcoal heated to 
redness, a gas may be collected at the other end, which 
will be found to burn with, a pale blue flame ; if you take 
another jar of this gas, and pour lime water in it, the limo 
water will be rendered milky. 

Three gases are formed in this reaction — hydrogen, 
carbonic Anhydride, and carbonic oxide— 

30Hj -f Cj = Hb -(■ CO5 + to. 

2. By passing carbotiic anhydride over charcoal heated 
to redness, pure carbonic oxide will be formed — 

00, + = SCO. 
Carbonic anhydride, CarJjoHio oxide. 

3. By passing C0„ over red-hot iron. 
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CO may be collected by methods 3 or 4 by means of 
tLe gua barrel and furnace used for the liberation of 
oxygen by chlorine, attaching to one end of the barrel a 
bottle for the generation of carbonio anhydride, and to 
the other end a leading tube by which the carbonic oxide 
may be collected at the pneumatic trough. 

4. By heating pofasBic ferroeyanide (yellow prosaiate of 
potash) with snlphnric acid — 

I'eTsJTaKi + 60Hj + SSOjHoj = 6C0_ + SSOsKo,. 

Potasaio Water. Salpaurio Carbonio Potassic 

ferrocynnide. acid. oxide. salpha,t(!. 

+ SOjFeo" + 3S0,(NH,0).j. 

FerroQS sulphate. Aumiouio sulpliate. 

In this reaction all the carbon appears as carhotiic adde, 

which is remarkably pure. 

5. By heating iron or carbon with a carbonate. 

6. The most common way of preparing carbonic oxide 
is by heating oxalic acid with sulphwrio add (by which 
water ia removed fronii the former) — 

IcSl: - OH. + 00, + CO. 

Oxalic acid. Water. Carbonic Carbonio 

anhydride. osida 

The sulphuric acid takes no part in the reaction, except 
removing the water, and thus setting free the two gases. 
The carbonic anhydride may be removed by causing them 
to bubble through a wash bottle containing a strong 
solution of potash ; carbonic oxide, not being soluble la 
that, passes off pure. 

163. Properties.— A gas, colourless, but with a faint 
oppressive odour. It is very poisonous when breathe;!, 
more so than 00^. It is one of the permanently elastic 
gases, having never been liquefied. It does Hot support 
combustion, but bums itself in contact with with a 
pale hluefiame, and producing COj ; thus — 

CO + O = CO,. 
The pale blue flame seen on the top of fires, notably on 
the surface of coke and charcoal fires, is due to the forma- 
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tion of earhonia oxide in the interior of the furnace, and 
its burning when it comes (in a highly heated condition) 
in contact with the oxygen of the air at the surface. 



CHAPTER XIV. 

Ifitrogen— Its Preparation and Properties^Compounde of Nitro- 
gen with Oxygen aiid Hydrogen — Compound of Mitrogen witli 
Hydrogen — Animonia — Amnionic Salts. 

166. Nitrogen. — Symbol, N. Atomic weight - li. 
Atomic volume, Q, Molecular weight, 28. Molecular 
volume, I I |. 1 litre weighs 14 criths. Spediic 
gravity, ■97T. Atomicity, ', which, by mutual satura- 
tion of bonds, becomes reduced to ", and to '. Evidence 
of atomicity ; — 

IRtrogeit is monad in Nitrous oxide, KN^s- 

„ is triad in Ammirma, H"'Hj. 

„ is pentad in A'mmonic chloride, H'HjOl. 

167. History. — Discovered by Kutherford, of Edin- 
burgh, in 1772. First observed as a suhstance in atmo- 
sphere which would neither support Ufe nor the burning 
of a candle, in consequence of which Ijavoisier gave to it 
the name of aaote {a, privative; Jb^, li/«)- Later on, 
Chaptal give to it the name of nitrogen, because he found 
it forming the active constituent of nitre. 

168. Oecnirence. — Moat abundantly in a free state in 
the atmosphere, of which it forms four-fifths. It has also 
been found in a free condition in some nebulse. In com- 
bination, it is found in many animal and vegetable 
bodies, and also as. a constituent of many mineral bodies, 
as the aiumoniacal salts, coal-beds, and the nitrates of 
potash and soda, which are found efflorescing from the 
soil in India and Peru. 

169. Preparation. — 1. By the removal of oxygen from 
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the air, -whereby nitrogen is left. This can he hest done 
by tlie action of phosphorus on the air. 

Est. 78.— If phospLorua bo exposed to the air conGoed in a 
veaael over water, it will gradually remove the osygen from the 
' r, farming phosphorous anhydride (PiOj), and in two or three 

11 .1 _.ii 1. __. a I — 1 \ypure nitrogen. 

n a few minutes 
Place a piece of phoapliorus, 
t (preriously thoroughly well 

„ porcelain evanoratmc '' ' >'..-.■ ■ - 

'water, kindli 

the phosphor 

(fumes of pkosp/wric anhydride, P^Oj), which will gradually 

dissolve in the water, and nearly pure nUrogen will be found ia 

be left. 

3. If air be allowed, or caused to pass slowly over 
ignited copper, the oxygen unites with the copper, and 
rtUrogen is left. The apparatus employed is identical, or 
nearly so, with that employed for the synthesis of car- 
bonic anhydride; — 

A. gaa-holder, to contain air, and deliver a alow cur- 
Twnt; * U-tube, filled with calcic chloride, to dry the air 
as it passes through ; an iron or hai'd glass combustion- 
tube, filled with granulated copper, and brought to a red 
beat in a furnace ; and a delivery-tube, to deliver at the 
pneumatic trough. 

3. By passing chlorine through an excess of solution 
of ammonia— 

e»H, -i- SClj = 61IH,C1 + N,. 

Ammonia. Ammooic chloride. Nitrogen. 

There is some little danger in this experiment, as 
unless a great deal of care is taken, and a ver^ large 
excess of nmmonia is present, nitrous chloride (chloride 
of nitrogen) will be formed, which will almost as certainly 
explode with dangerous violence. 

i. By heating amtiwnio nitrite, which entirely breafes 
up into tMtier and nitrogeTh-^ 

»"0(N'H40) = 20Hj + Nj. 
Ammonic nitrite. Water. 

[NHjHNOs = 2H5O + N^.] 
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170. Properties.— iV^iiro^m is one of the permanently 
elastic gases, having never been liquefied by cold or 
pressure; it has neither colour, taste, nor smeU, It has 
no action on litmna or tuiineric paper, nor does it 
■whiten lime--water. It is not absorbable by potash. It 
is not a combustible, nor does it support combustion. It 
is so elightly soluhle in water, that it may he almost 
regarded as insoluble — water, which has been boiled, 
dissolving it to the extent of 1^ to 2 per cent Although 
by itself it is fatal to animal life, it is not poisonous ; it 
kills by depriving the animal of the oxygen necessary to 
existence. It has scarcely any tendency to unite with 
any of the elements except boron, tUanvumi, and a few of 
the rarer metals ; when it does enter into combination, it 
does so with great difficulty, and its compounds generally 
are characterized, by their instability, and their liability 
to decomposition, frequently with explosive violence. 

The stiiking contrast between nitrogen and oxygen will 
be seen from Biis list of the purely negative properties of 
the former, and yet, in combination, nitrogen forme part 
of the most powerful and active substances known, as for 
instance, nitric add (aquafortis), and ammonia (harts- 
horn), the extremes of acidity and alkalinity. It forms 
part of the strongest vegefaible poisons, as strychnia, 
morphia, and ^itmssic acid; and it is also an essential 
component of all the more important and more valuable 
forms of food, as bread, milk, and animal flesh. 

The compoiinds of nitrogen are called nitrides, the most 
important being those which it forms with oxygen, 
hydrogen, and hydroxyl. 

The weight of a litre of dry air, free from carbonic 
anhydride, at 0° C, and with the barometer standing 
760 m, m., has been found to be 1'2932 grammes. 
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Besides tliese four — 0, K, CO5, and OHg — -whicli are 
always present, and may be considered essential to the 
very constitution of the atmosphere, there are found 
■variable traces of nitric acid, HO^Ho [HNOJ, and 
dwtmonia, WHj ; but, in such very minute proportions, 
that they can with difficulty he detected, even when very 
large quantities of air are examined. They exist in 
greater abundance after a severe thunderstorm, elec- 
tricity having the chief part in causing their elements to 
unite; and, in the rain which geneiully accompanies a 
severe storm, they may frequently be found. The rabi 
washes t]iem out of the air, and brings them down to the 
soil. Minute as their proportions are, they are of the 
utmost use (if they are not absolutely essential) to the 
health of the vegetable world. 

Near large towns, especially manufacturing towns such 
as Leeds, small quantities of other gases, as avlphurmm 
anJi,ydride, SO^, from the burning of coal, and hydria 
salpMde, SH^, from the decomposition of animal matteP 
and various mannfecturing processes, have been detected. 

Miller gives the following as the average composition 
of a litre (1,000 a c.) of air:— 

Cubic CentlBielrcs. 

Oxygen 206-1 

Mitrogen, 779-5 

Aqueous vapour (about), 14 

Carbonic anhydride, 0'4 

Nitric acid, 1 

Ammonia, > traces. 

Carburetted hydrogen, ) - -- 

1000 

171. CompoundB of Nitrogen with Oxygen and 
Hydroxyl. — As we said before in Chapter IIL, page 29, 
when illustrating the Lav; of Multiple Proportions, the 
compounds of nitrogen and oxygen, are not only very 
important in a chemical point of view, but they are very 
interesting and instructive as being the most regular 
series we tnow of, the nitrogen remaining constant, while 
the oxygen regularly ii 
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tJiUt, Atomic FaRuvhs, Orifqic FouidiiS. 

SUroiis oxide, ON, [N,0] ®-@-®. 

( -wrt ® (O) 

A-i(.;co^W^. j ^^ [N,OJ ^-S' 

(NO (5) (5) 

miric peroxide, So l^jOJ „ r_r • 

n 

@ 

iV7fre«sacW, HOHo[HNOJ ©3"^®"®- 

mu-icacid, HOsHo [HNO,] (nV-®-®- 



The above taWe ia taken from Professor Frankland's 
Lecture Notes for Chemical Students, page 61. 

172. Hitric Aoid. — Called also hydric nitrate and 
aquafortis. Symbol, M"0„Ho [HMO,]. Molecular 
■weight, 63. Molecular voliime, ] ' | . One litre of 
aitric acid vapour weighs 31-5 criths. Specific gravity 
■of liquid = 1-52. Boiling point, SiS" C. (184° P.) 
Puses at -50° C. {-58°F.) 

Although the attraction between oxygen and nitrogen 
is exceedingly feeble, this acid is one of the strongest and 
most important known — formerly {and still commonly) 
called aqvMfortis (strong water), fi'om its power of dis- 
solving neaa-Iy all the metals. Its eompositioa was first 
ascertained by Cavendish in 1T85. 
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173. Preparation. — 1. By the passage of eleetriolty 
tlirougli a mixture of oxygm. Mid nitrogen, in the presence 
of moisture; consequently, nitric tidd is formed always 
in small quantities by lightning. In comhination with 
amrmonia, WHg, as ammonic nitrate, it may nearly always 
be detected in rain water. 

2. Whenever organic matter, containing nitrogen 
(chieSy animal), is slowly oxidized in the presence of 
powerful bases (as soda, potash, or lime), a nitrate ia 
formed. "Whenever a nitrate is found in well or spring 
water, it is a proof of the existence of decaying animal 
matter in the soil through which it has passed. 

This plan of obtaining nitrates for the manufacture of 
gunpowder — viz., by ^e oxidation of animal matter, 
has been largely adopted by France, Sweden, and some 
other countries. 

174. Mannfaotnre.— Potossic nitrate is found as xn. 
efflorescence on the soil in tropical climates, especially in 
some districts in India ; and in Chili, sodia nitrate is found 
in a similar condition. 

In chemical works and laboratories nitric acid is alwaya 
made by distilling one of these salts with concmtrated 
rndphuric acid — 

HOjEo + -.S-'OaHo, = S"03HoEo + K'O^Ho. 

Potassic Sulphuric Hydrio potasaic Nitric acid. 

nitrate. acid. sulphate. 

tKNO, + HsSOi = HKSO, + HNO3.] 

In practice, the manufacturer uses iron cylinders or re- 
torts, which are placed in a furnace, and connected by 
a series of pipes with stoneware bottles. He can thus 
apply a greater heat than the glass vessels of the chemist 
would stand, and can obtain his nitric add with half tho 
quantity of sulphuric acid. The reaction takes place in 
two stages, the heat required for the last stage being very 
great. 

(1.) SK'OjKo + SOjHoj = SO,HoKo + KO,Ko + KOsHo. 
Potassio Sulphuric Hydric potasMC Potasaic Nitric, 
nitrataif acid, sulphata. nitrale. acid. 
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(2.) SOjHoKo + KOjKo = KO^Koj + HOjHo. 

Hydriopotasaic Potasaic Potassic Nitric 

sulphate. nitrate. sulphate. acid. 

The explanation of ttis is as follows : — Sulphuric aoitS 
foMns with sodium or potassiuTti, two salts, a hydric or 
flcid sulphate, and a Tieutral sulphate. The acid or h/ijdria 
sulphate is very soluble and readily fusible, and can there- 
fore be extracted from the glass retort without risk of 
breakage ; while the Tieutral sulphate is less soluble, and 
positively infusible in glass vessels. 

175. Properties.— iV^ifWc add when pure ia perfectly- 
colourless, and when strong, fumes in the air; it is hoir- 
ever generally slightly yellow (always so, when made 
by the manufacturer's process) from the presence of some 
of the lower oxides of nitrogen which are dissolved in it. 

It is one of the most powerful acids, dissolving all the 
mefetls except gold and platinum, and forming with their 
oxides or hydrates a class of salts called nitrates, all of 
which are soluble in water — 

OKH + KOsHo = KOjKo + OH.. 
Potaaaio Nitric Potassio Water, 

hydrate. acid, nitrate. 

PbO + SHOjHo = i Pbo" + OH,. 
{t/tO, ' 
Plumbic oside. Nitric acid. llumHc nitrate. Water. 

It is an intensely corrosive liquid, acting on organic 
Hubstances with great violence. It destroys nearly 
all vegetable colours, and stains the skin a permanenli 
yellow; great care is requisite in experimenting with 
this acid. On account of its decomposing, and parting- 
with its oxygen so easily, it is a powerful oxidizing- 

176. Testa. — The following are the laboratory tests for 
nitric acid. 

1. It should thoroughly bleach a dilute solution of mlphafe <X 
indigo. 2. It diaaolves copper, forming a bine aolntion, and axr- 
ing off f umea which turn red in contact with air. 3. Fonred on 
ntorpkia, it tnma it of a brilliant rod colonr. 4. Poured rai proic^ 
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sulp7iate of iron, it turns it of an olive-brown colour by oxidation. 

5. It should be colourless, and leave no residue on evaporation. 

6. When freely diluted with, water, it should give no precipitate 
with nitric aeia or chkiride qf bariwri. 

Ill, Nitric Anhydride. — Symbol, Ni,0.. Moleeiilar 
weight, 108. Probable molecular volume, [Tl • Fuses 
at 29-5° C. (85' F.), and boils at 45° C. (113T'.) 

First produced as a wldte, crystalline, unstable solid ia 
1844. 

178. Nitrons Oxide, or Nitrogen Protoxide — Called 
also Langhing Gas.^ — Symbol, ON'j [N^O]. Atomic 
and molecular weiglit = 44. Moleculai" volume, | ' | , 
1 litre weighs 22 criths. Specific gravity = 22. Fuses 
at - lor C. (149-8° F.). Boils at - 88° C. (1264° F.) 

179. Preparation. — By heating amm&nia nitrate, 
H-'02(N"H,0) [H^N,N03], in a retort or flask, it ia de- 
composed into wat«r and nitrous oxide gas — 

N'-Oi(N'H.O) = 20H, + ON5. ^ 

Ammonic nitrate. Water. Nitroua oxide. 

[HjN.NOj = 2H0j -f- NjO.] 

180. Properties.— iV^iif'oiw oxide is a gas, colourless, 
transparent, with a faint sweet taste and smell. It does 
not burn itself, but it supports combustion almost as well 
<M oxygen. This property is due to the ease with which 
itdtroiis oxide breaks up into its constituents. 

It will nob support life, but can be breathed for a time 
safely with impunity, although it has a peculiar effect on 
the brain and nerves. If mixed with air, and breathed, 
it occasions a species of intoxication of a very peculiar 
kind, which generally mimifests itself by uncontrollable 
bursts of laughter; hence its name of lang/dng gas. 
Sometimes, however, it produces the opposite effect, viz., 
that of crying ; neither effect is, however, of a lasting 
nature. If breathed in a perfectly pure state, it produces 
ti-ansient insensibihty; ajid in tliis condition is used 
largely in surgical operations, especially in dentistry, its 
use not being attended with the same danger as that of 
cJilm-o/cTiti. 
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At 0° 0. (32° F.) it liquefies under a pressure of 30 
atmospheres, and at — 88° C. (126-i''F.) under that of one 
atmosphere ; while at a temperature of about — 101 C. 
(449-8° F.) it fi-eezea into a transparent crystalline solid. 

That it is a true chemical compound, and not a 
mechanical mixture of N and O, as air is, may be shown 
fcy the two tests for showing the pressui-e of free oxygen 
— viz., the nitric oxide test, which, with free O, forms 
deep orange-red fumes of nitrous anhydride soluble in 
water, and by the potassic pyrogedlate test, which absorbs 
free oxygen. With nitrous oxide, however, neither of 
these tests give any reaction. 

Nitrous oxide is slightly soluble in water. At ISS" C, 
(60° F.), one volume of water dissolves about three-fourths 
of its volume of gas, or at 0° C. (SS" F.) one volume of 
warm water dissolves 1'3 volumes of this gas ; in warm 
water it is less soluble. 

Ekp. 80.— Half flil a test tube with this gaa over water, cliise 
the tabe tino by the thumb under water, and then raising the 
tube (keeping it lirmly closed), agitate briskly the gas and water 
together. On now opening tlie tube under water a considerable 
TQsh apwards of water into the tube will take place, showing 
the gas to have been dissolved in the water. By these meana 
■nitrous oxide nay be distinguished from oxygea. 

181. Hitric Oxide.— Symbol, | JJ^- "'^ '^''^©^[NO]. 
Molecular and combining proportion = 60.* Mole- 
cular volume anomalous, |— M . 1 litre weighs 15 criths. 

• Miller, Bloxam. and other ehemists give the molecular weight 
ot nitric KcMe as 30 ; this arises from considering the molecule to 
lie NO [~7~| ! but according to Frankland'a theory of atomicity, 
HO couTdnot have a separate existence, there being bonda 
nneatiafied; it is therefore a compound radical (see pages 60, 61), 
and as such can enter into combination, but cannot exist alone. 
The true molecule, therefore, of TiUric oiiiie must he as given 
above, J jjfi, or 'M"sOj, and its molecular weight must thero- 
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Specific gravity, 15 in the hydrogen scale; or 1039, air 
being token as unity, 

182. Preparation. — Dilute nitric ocid with water until 
it attains a specific grarity of 1 '2, then pour it on some 
copper turnings or clippings contained in a retort or flask 
with leading tube ; the retort immediately becomea filled 
with, deep orange-ted fumes, and a colourless gas may be 
collected at the pneumatic trough over water — 
»0, 
3Ca + SH'O.Ha = 3Cdo + 40H, + M',0,. 
HO, 

— "- ' ide. 



Mercury may be substituted for copper with the same 

183. Properti^ — A transparent, colonrleas gas, with 
a strong, disagreeable, sufibcating odour ; doea not bum 
itself, nor support combustion in an ordinary way, but 
if any combustible body, such as phosphorus, charcoal, 
sulphur, Ac, w/ieji hv/ming mgorottaly, be plunged into the 
gas, it will deflagrate with great bnlliancy. This arises 
from the heat of the burning body decomposing the nitria 
oande; the combustible then unites with the oxygen, 
setting free the nitrogen. 

Nitric oxide has never yet been liquefied, and is there- 
fore regarded as one of the permanently elastic gases ; it 
is all but insoluble, water dissolving only ^ of its volume 
of this gas. 

In contact with free oxygen, it instantaneously forms 
deep red fumes of nitrous arUiydride and nitric peroxide, 
which are soluble in water ; on this account it becomes a 
very valuable test for oxygen, and aflbrda means for detect- 
ing even the smallest admixture of oxygen with other 
gases. 

In the manufacture of snlpJturic acid, it plays (as we 
Bhall see) a moat important part, alternately absorbing 
oxygen from the air, and yielding it up to the BU^hurio 
ncad, which is forming. 
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184. 2fUrtc oxide ia absorbed by a solution of ferrous 
Bulphate, ■which becomes of a deep reddish-brown colour ; 
it is also dissolved by strong nitric acid, ■which turns first 
yellow, then brown, and ultimately green. 

Esp. 81. Fill a smallgaa jar with water, coloured blue vrith 
litmua, and pass into Enfficient nitric oxide to fill about one-tbiFd 
of the jar, pa^ into it a few bubbles of oxygen, deep red fumes 
are formed which are quickly dissolved, and tie bluecolonr of 
the solution will be changed to red. If the nitric oxide and 
oxyge-a be perfectly pure, and properly added, it is posaibie to 
completely absorb both gases. 

185. Nitrous Anhydride.— Symbol, N'^O,. Pr obab le 
molecular weight, 76. Probable molecular volume, | ' | . 

186. Preparation. — 1. By mixing 4 vols, of perfectly 
diy nitHc oxide with 1 of dry oxygen, bro^wnish-red fumes 
of nitrous anhydride are formed. These at —18 C. 
(about 0° F.) are condensed to a blue liquid. 

2. By heating nifric iicif (specific gravity, 1 '25) ■with 
starch. 

3. By dissolving silver in cold nitric acid. 

187. Properties. — A blue, volatile, unstable liquid, 
which boUs at - 18° C. (0° JF.), forming red vapours. If 
■water be added to it, it ia converted into nitrons acid, but 
on the addition of more iirater b decomposed into nitrio 
acid and nitric oxide. 

There is a great deal of doubt as to the real nature of 
this compound; it may be, and sometimes is, regarded as 
a compound of NjO^ with NO ; thus — 

3tt,0^ = NjO, + 4K0. 

188. Nitrous Acid (ITydric iViiri(e).— Symbol, WOH. 
Molecular weight — 47. 

189. Preparation. — By mixing liquefied nilrous an/iy- 
dride with a small quantity of water— 

NjOj + OHj = 2HOHo. 

Nitrous aiihydride. Nitrous acid. 

190. JVift-oMs acid, in presence of an excess of ■water, 
is decomposed into nitric add and nilrie oxide, a& men- 
tioned above. 
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I^ilrous acid is capable of abaoi-bing oxijgen, becoming 
converted into nitric acid, when it acts as a reducing 
agent ; or of parting with oxijgen, and wafer, and being 
changed into niiric oxide, when it is an oxidising agent. 

With metallic oxides and hydrates, it forma a class of 
salts, called nitrites, which ave, however, of very little 
practical importance. 

191 Nitrie Peroxide.'— Symbol, N"50^. Molecular 
weight = 46 to 92. Molecular volume below 0° C, [ \ \ ; 

at 100° C, pn . One litre weighs 23 to i6 critha. 

192. Preparation. — 1. By the union of wtiric oarw& and 
oxygen — 

'N",0, + O, = 'N''jO<. 

2. The most convenient method of obtaining nitric per- 
oxide is by heating nitrate of lead in a retort or glasa 
tube. Deep red fumes are given oif, which consist of 
nitrie peroxide and oxygen. 

^O^Pbo'' = 2P1)"0 + 2NsOj + O,. 

Tliese fumes at a temperature of 22° 0. (71-6° F.) 
may be condensed to a red liquid ; and, if it be free from 
water, at 12° C. (lO'i" F.), may be obtained in yellow 
prismatic crystals. A very small trace of water is enough 
to decompose it, nitric acid being formed, and nitric oxide 
set free. 

The exact constitution of nitric peroxide, like that of 
nitrous anhydride, is somewhat uncertain. 

With metallic oxides and hydi-ates it produces a mix- 
ture of nitrites and nitrates. 



CHAPTER Xr. 



Although it is suspected that hydrogen and nitrogen 
Tuiite in sevei-al proportions in an indirect manner, only 
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one lias been yet successfully isolated, the well fenown 
ammonia or hartshorn. 

193. Ammonia. — Symbol, WHg [HgNj. Atomic and 
molecular weight = 17. Molecular volume P"|~~| . One 
litre weighs 8-5 criths; Relative weight, 8-5. Specific 
gravity, 0-59. Fuses at - 75 C. (-103 F.); l»i's a,t 
-38-5°C. (-33-7° F.) 

194. History. — First obtained by the Arabs from 
camel's dung, obtained near the temple of Jupiter Am- 
nion, in Lybia, North Africa, and hence cciiled sal-am' 

195. Oecurrence. — In the atmosphere, in very minute 
quantities, and formed whenever animal or vegetable 
matter containing nitrogen decomposes, in the presenco 
of moisture, or is distilled at a red heat. It is conse- 
quently present in all manures, especialiy in guano, which 
is the excrement of sea birds, and in the urine of all 
animals. It is most important in the nourishment of 
plants, and in this way may be regarded as the most 
necessary constituent of manure. Its presence in animal 
matter, and liberation on destructive distillation, may be 
shown by the following experiment. 

Its principal source of supply is from the waste liquors 
collected during the distillation of coal in the manufac- 
ture of gas : so that we may regard its sources of manu- 
facture as two : — 

1. By the destructive distillation of horn, bone, or any 
other animal substance, and also some very few vegetable 
substances which contain nitrogen. 

2. In the process of malting coal, ammonia is set free 
from the compounds of nitrogen which exist to a greater 
or lesser extent in all coal, and which (WHj) having to 
be purified, is retained in the waste liquors, from whence 
it is obtained by the action of acids, either as a aulp/iate 
or chloride of ammonia. 

196. Frepatation. — By heating a mixture of lime and 
ammonia chloride (eal-tmrnoniaej — ■ 
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SHHiCI + CaCO -. 
A m m nn iff Lime. 

chloride. 



CaCL, + 2»H, + 



In doing this, tlie 



! clihride and the lime must 

I both be perfectly dry, and 

thoroughly powdered, ot 

the lime should be freshly 

j slaked, and allowed to 

&uch an arrangement 
as that shown at Fng 
46 la suited foi the 
purj. ose — an oidmary 
tid'.k containing the lime 
anlammoniechlond To 
this IS htted m elbow tube 
La\iiig each arm about S 
or 10 c m (Sorimrbes) 
^A drying tube (i-hloiide 
■of calcium tube) filled 
^,_____ (wxthemall lumps of quick 
I to the elbow tube -uid to the other 
extremity of the drying tube is attached another elbow- 
tube, having one long arm, that it may reach to the top 
of the bottle, which is to act as a gas-receiver. The gas, 
being much lighter than air, can be collected by upward 
displacement. As gaseous ammonia is very irritating, it 
will be advisable to cover the mouth of the bottle with 
a piece of cardboard, through which the delivery tube 
can pass. 

In order to know when the bottle is full, hold a piece 
of moistened yellow turmeric paper near to and just 
above its mouth. If the gas is overflowing, it will rise 
and turn the turmeric paper brown. 

This is the common method employed in preparing 
ammonio, for experiment, 

197. Properties. — Ammonia la a gas, colourless and 
transparent ; it possesses a very pungent odour, and acta 
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powerfully on the eyes ; it has an acrid, bitiag iast« ; ■ its 
power of etimulating all the nervea is very great; and ifc 
is on this account largely used as smelling saJta to checfe 
feelings of tkintnesa ; its solution is also nsed medicinally 
as a stimulant. It is powerfully alkaline, and extremely 
soluble. Water at 0" C. dissolves 1,050 times its volume 
of the gas, forming a liquid of specific gravity '853, at 
15-5'' C. (60° F.) Water dissolves 727 times ita volume, 
the liquid formed having a specific gravity of "886. 

Its alkalinity and its solubility may both be shown by 
the following experiment : — 

Exp. 82. — Fill a glass baain, or small ^lasa pnenmatic Irouali, 
with water coloured with litmus, aad just feehl j reddened by 
the addition of any acid. Remove the jar of ammoiaa carefully 
with its mouth well closed, plange it, mouth downwards, in the 
eolation of litmus and unclose it, the liquid wUl rush rapidly 
upwards in the flask, the ammonia will be absorbed, and the r^ 
liquid will become blue. 

Graseous ammonia becomes liquid under ordinary 
pressure at - 40° C. ( - 40° F.), and a transparent solid 
at - 75° C. ( - 103° F.) Under a pressure of 7 atmoapherea 
it liquefies at 15-5° C. (60" F.) Good boxwood charcoal 
will absorb in the cold about 90 times its bulk of 



Ammonia, when pure, is fatal to life, producing great 
iiTitation of the lungs and spasm of the glottis. It 
will not support combustion ; and on aocoiint of its own 
igniting point being very high, it does not bum by any 
means freely itseK ; but in ajar of oryg'eft or mixed with 
oxygen it bums with a pale green flamei 

Avunonia neutralizes the strongest acids, and forms 
■with them an important series of salts, known as the 
a salts. In all these the atomicity of the nitro- 



H"'H, 


+ HCl 


= W'H.a 




HydroclUorie 


Ammouio. 




acid. 


chloride. 
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® 

.OgHo = K.02(NH.O) ^ 
Lc acid. Ammonia nitrate. 



® (5^ (H) 



acid. sulphate, '^^ "^ ' ' 

Any volatile acid brought iuto an atmosphere contaiu- 
ing ammonia, produces a white cloud, formed by the 
union of the ammonia and tlie acid, and the formation 
of a salt of ammonia (all of ■which are white), in a very 
minute state of sub-division. This property ia usually 
employed as a test to detect the presence of very small 
quantities of ammonia. 

Exp. 83.— Mis a very little hydrocUoric add -v^i^ about half 
its bulk of water, dip the end of a glass rod in the mixture, and 
bold it near tu the mouth of a fiask of auinionia, dense white f umi^a 
will appear around the rod. 

198. Synthesis of Ammonia. — The synthetical forma- 
tion of ammonia is strikingly shown by the following 
experiments: — 

Make a mixture of ironjilings and cavstic pofassa, in abont the 
proportion of 15 to I, and call it mixture No. 1. Next make one 
of iron fitinga and polaesic nitrate, in the same proportions, and 
call it mixture 'So. 2. 

Exp. 84. — Put some of misture No, 1 in a test tube, and heat 
in B Bnnsen flame, a gaa will be given off, which may be col- 
lected over water at the pneumatic trough, and which on exa- 
mination will be found to be hydrogen. Iron at a high tempera- 
ture diepIaceB hydrogen from caustic poiash, 

Exp. 85. — Heat in same way some of mixture No. 2. A gaa 
will be given off, which may be collected over water, and whicli 
on examination will prove to be nilro/jen, 

Exp. 86.— Pnt equal quantities of each miiture Nos. 1 and 2, 
■well incorporated together, in a, test tube, and apply heat. A 
gas will now be given ofl', which cannot be collected over water, 
but may be over mercury, and which by all the tests can b« 
proved to be amTitonia. 
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The hydrogen and tJie nitrogen, at the moment of heiiig 
set free, seize on each other, combine together, and form 
ammonia. 

Elements at tte moment they are set free from their 
comhinationa are said to be in the naseent or new-born 
condition, and at that instant their powers of combination 
are very highly exalted. 

199. Analysis of Ammonia.^ — The constitution of 
ammonia, that it is composed of one measure of nitrogen 
and three measure of hydrogen, which in the act of com- 
bining become condensed to two measures, thus — 



H + rH TffTTT- l - [H3fO 

may be shown by analyzing it by means of electricity. 

Ammonia can also be decomposed by chlorine, by pass- 
ing chlorine through an excess of solution of rnnm^mia, as 
mentionedinChapter XIV,, page 147. For every 3 volumes 
of cJdorvne employed, 1 volume of nitrogen is left ; and, 
as 3 of chlorime take up 3 of hyS/rogen to form 3 of HOI, 
the composition of ammmwi must be WHs. The HCl 
so formed combines with the excess of ammonia to form, 
the solid salt ammonic chloride, KH^Cl. 

SOO. Anunonium — Symbol, N'H4. Molecular symbol, 

InH*- ^'"^ ™°^''* ixhsvX l^H^ has never yet been 
obtained in a free state but it can be obtained com- 
bined with Hg as an amalgam — a property usually con- 
sidered as confined entirely to metals. It combines with 
the acids, and forms a laij,e series of ammonia salts, per- 
fectly analogous in crystalline form and other properties 
to lie salts of potassium,. On these two grounds, 
cliemists usually consider the radical as a hypothetical 
metal ammonium, NH^, usually written Am, and forming 
ammonoxyl, Amo, analogous to Mo, Ko, 2fao, &e. 

The compounds of mercury with metals all possess 
metallic lustre, and are called amalgams. It may ba 
prepared in two ways — 

10 £. L 
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1. By the electrolysis of ammonic chloride, the nega- 
tive electrode being mercv/ry, and the positive a plate of 
jilatinitm, the mercury sweUs up, and a spongy metallic 
mass is formed — ammonia: amalgam. 

3. Prepare an amalgam of sodium or potassium, and 
pour it into a solution of ammonic chloride, slightly 
■warmed — the mercury swells up enormously, an amalgam 
being formed; ■while sodic or potasaic chloride is formed 



HgnNih. + mNH,Cl = HgD(N'H.)m + mNaCI. 

Sodio Anunonio Ammomo Sodic 

amalgam. chloride . amalgam. chloride. 

Exp. 87. — Diasolve a piece of sodifim about the size oi a pea, 
in about 2 c. c. of mercury in a test tube, or rub them dtiwa 
together in a glass mortar, tho two metals unite together 
suddenly wiiJi flame, and 'with a slight e:iiploaioii. When coltl, 
pour the amalgam into a watch-glass, and cover ■with a saturated 
Eolation of ammonic chloride, the amalgam will gradually swell 
tip and become paaty, and will even sometimes fioat on water. 

The ammonimn cannot be obtained in a separate form 
irom this amalgam, as, if decomposed by hea^ or thro'wn 
into water, hydrogen, ia disengaged, ammonia is given off 
or dissolved, and pure mercury is left — 

2Hg„(N'-H4)m = 2nHg + SmWHa + mB^. 

Ammonic amalgam. Mercury. Ammonia. 

201. Ammonic Salts. — Ammonium forms salts with 
all the acids, in analogy ■with the salts formed by potas- 
sium and sodium,. Nearly all these salts are volatile, a 
property which very much adds to their value in ^e 



One of the most important compounds of a/mmoniutn for 
\9hoT&\aT^VL'Si&Via7nfnoniosidphide,'v\A.i:^iso\itahx^^vi.s — 
Bxr. 88. — Measure out two equal portions of a solution of 
ammoma, or ammome hydrate (ammonia). Pass through one of 
these a briat current of sulphuretted hydrogen gas, as long as it 
continues to be absorbed. (The apparatus neeil for the pro- 
duction of chlorine water -will be found particularly suitable.) 
Then add the second portion to it, and a solution of ammonie 
sulpHde »'H4(H3 ' ') ' is obtained. 



^b, Google 



163 

When a solution of a/mmonia is -con^jfefe^ saturated 
■with, sulphuretted hydrogen, a solution of hy&rie-amitionie 
stdphide is obtained, in which the compound radical hydro- 
aulpliyl has taken the place of the hydroxyl — 

AmHo* + SH, = AmHs + OHj. 

Amnionic Sulphuretted Hydric-ammonic Water. 

hydrate. hydrogen. aulphide. 

On then adding AmHo to the solution, ammonia svl- 
^kide is obtained. Thus — ■ 

AmHs _+ AniHo = SAm^ -I- OHj. 
Hydric-ammonio Ammouic Ammonio Water, 

sulphide. hydrate. Bulphide. 



CHAPTER XVI. 



Sulphnr — History— Occurrence— Prqiaration — Properties — Allo- 
tropio Moditicationsi— Uses — Compounda of Sulphur mth 
Positive EleinentB — Sulphuretted Hydrogen— Occurrence — 
Preparation— Properties — Iteactions — Usea — Hydrosulphyl — 
Carbonic Disulphide— Propettaes — Heactiona. 

SOS. Sulphur. — Symbol, S or S^. Atomic wei ght - 
32. Molecular weight, 64, Molecular volume, | \ | , 
at 1,000° C. (1,768" F.) Eeloir 815° C. (l,50rF.), 
Tolume only ^. One litre of sulphur vapour weighs 32 
criths. Melting point, 115" C. (339" F.) Boiling point, 
■ii6° C. (836' F.) Atomicity, ", ", and ". 

203. Hietory. — Sulphur has been known and used as 
a bleaching agent from very early tidies, but its proper- 
ties were first thoroughly examined by Priestley in 
1774 

* The hydrate tif aiamomt ja purely hypothetical, since no 
clienueal combination takes place between water and aimmtMa; 
but still, in oombimttion, it behaves, as shown in the above eqyatr 
tion, as though there wei<e s definite hydrate formed. 
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204. Occurreaca — Sulphur is most abundantly distn- 
buted throughout all nature, either free or in combination 
with other elements. Most of the sulphur used ia 
England is found in a native or uncombined state, in beds 
of blue clay in Sicily, near Mount Etna. It is also found 
as a sublimation around the mouths of volcanoes, where 
it is mixed with, and condensed on the sands and gravel ; 
it is in this condition it is found around the solfataraa 
of Guadaloupe, Pouzzales, &o. It is also found dis- 
tributed through nature in combination with the metals, 
as iron pyrites (ferric aviphide), FeS^ ; with copper 
as copper pyrites (cuprous sulphide), (PeCll)S„"; with 
lead as gtdena, (plumbic sulphide), PbS; and with zhie as 
hknde (zincie sulphide), ZnS. It also occurs largely in 
the form of aw^foJes, combined with the following metals, 
Ca, Mg, Ba, Sr, Ifa, &c. It is also found in many vege- 
tables, especially in cabbage, and nearly all of the crueiferie. 
It also enters into tlie muscular tissue of animals, and 
into the white of egg. 

205. Extraction. — ^When it is mixed with much earthy 
impuritiaa, as in the gravels of Sicily, &«., it is roughly 
distilled in earthenware retorts, the sulphur being con- 
densed in earthenware receivers. This does not remove 
all impurities, 80 that it undergoes a second distillation. 
in iron retorts, the vapour being carried into large brick- 
work chambers, on the waJls of which it is condensed in 
the form of flowers of sulphur. It is collected in that 
state, and the greater portion melted and run off into 
wooden moulds to form the roll sulphur or brimstone of 



It is obtained from iron and copper pyrites by either 
distilling them or roasting them in a closed kiln, accord- 
ing to the purpose for -which the sulphur is to be used; 
but the suiphmr so obtained is nearly always impure, 
being associated with arsenic and other bodies. 

206. Properties, — Sulphm: is a yellow, brittle solid, 
a bad conductor of heat and electricity, tasteless, and 
with a slight odour. It ia absolutely insoluble in water. 
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but i3 elightly soluble in boiling anbydrous alcohol; and 
in some of its forms is soluble in hot oil of turpentine 
and in carbonic disulphide, CS/. 

It is particularly inflammable, burning with a pale blue 
flame, and producing aufibcating odours of sulphurous 
anhydride, SO^. 

The most remarkable thing with reference to Bulphnr 
ia its curious deportment with reference to heat. At 
IIS'S" C. {240° F.) it melts, and becomes a ti'ansparent, 
limpid, pale yellow liquid ; if the heat be increased, at 
138° C. (280° F.) it turns brown, and at aboiit 176" C. 
(3B0S F.) it becomes abnost black and very thick ; on 
continuing the heat it becomes more and more viscid and 
treacly, until at about 250° C. (482° F.) it is perfectly 
opaque, and cannot, on account of its viscidity, be poured 
into another vessel. At 315" C. (600° F.) it becomes 
again liquid, and if now poured into cold water it becomes 
an. elastic and plastic solid, varying in colour from pale 
amber to deep brown. In this condition, in which not 
one of its properties seem to resemble those of ordinary 
Bulphur, it is largely used for taking moulds for electro- 
tjping purposes. In a few days at most, sometimes in a 
few hours, and suddenly at a temperature of 100" C, it 
returns to the hard brittle condition. 

207. Allotropic Modifications, — Svlphur is. one of the 
most important elements in establishing the doctrine of 
AlhVropy, or that the same elementary body is capable of 
assuming totally diverse fonns, so different that it is 
difficult to identify them as the same substance. Thus, 
siJphwr presents itself in three, if not four, modifications, 
■wMch differ entirely in colour, in density, in melting 
point, in solubility, and in crystalline form. 

208. Combinations. — Stdphur forms with hydrogen two 
compounds — 

Sidphv/retted hydrogen, SH^ 
Hydrosulphyl, .'S'^Hj, or Hs^ 
With carbon, only one^ 
Carbonic disulphide, CS'^, 
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It combihe3 rapidly ■with cMorvne, hvomine, aniJ iodine, 
especially when, the action is favoured by heat. 

It also combines eagerly with nearly all the metals, not 
even excepting silver, gold, and plalinvm, forming with 
them aidphidesovBu^hiM-ets. The sulphides of the metals 
are all of them insoluble, with the exception of those of 
Ba, Sr, Chi, Mg, K, Na, Am ; and as they all possess a 
characteristic colour or other distinctive, this reaction 
■wiiJh sulphur is of great importance in analysis. 

Stdpkur also combines with omjgen and hydrogen to 
form a series of two anhydrides, and no less than eight 
acids, the principal of which will be considered ia the 
following chapter, 

209, Uses. — Sulphur is extensively used in the arts in. 
the manufecture of matches, on accoiint of its inflamma- 
bility. Large qnantities are consumed in the manufacture 
of gunpowder. In the form of sulphurous atnd it is Tised 
to bleach silks, flannels, and other substances, which 
would be destroyed by the action of chlorine ; but its. 
chief use is in the manufacture of sulphuric add, so 
important both to the manufacturer and the chemist. 

210. Sulphuretted Hydrogen, Hydro-sulphuric Acid, 
Hydric Sulphide.— Symbol, SH^, ©-(s)-® - ^lo^e- 

cular weight = St. Molecular volume, F^^ . One litre 
weighs 17 criths. Solid at ^ 8-5-5=0. <- 123" F.); liquid 
under a pressure of 17 atmospheres, at 10° C, 

311. Occurrence. — Evolved, associated with other 
things, from volcanoes; found also in certain mineral 
matters, and in waters containing organic matter and 
sulphates. 

212. Preparation. — 1. By burning sulphur in hydrogen 
direct union takes place — 



2. It is generally prepared by the action of hydro- 
cJdorie or dilute su^huric add on sulphide of iron. 

The apparatus employed may be that iised for tho 
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generation of hydrogen, or similar to that in fig. 32 (but 
■without the application of heat, which in this inaction ia 
not needed). The gas should be made to pass through a. 
wash bottle, with water, in order to free it from any 
particles of acid which may come over with it. If a. 
solution of hydric sulphide is required for laboratory use, 
it may be passed into a vessel of water, aa shown in the 
drawing ; but, if the gas itself he wanted in order to exa- 
mine its properties, it may be collected at the pneumatic- 
trough over warm water, in which it is very slightly 
soluble. The reaction, that takes place in each case may 
be represented by the following ec[uations : — 

PeS" + 2HC1 := SHs + FeClj. 
Fen-oua Hydrocliloric Sulpliuretted Terroua 

Bulpliide. acid. hydrogen. clloride. 

PeS" + SOjHos " SH, + SO^Feo". 
Perroua Sulphario Sulphuretted Ferrous 

Buipiide. acid. hydrogen. sulphate. 

3. If, however, the sulphureUed hydrogen be required 
absolutely pure, it is best obtained by the action of 
iiydrochlorio acid on antimonious sulphide. In this case 
heat is necessary, and the arrangement shown in fig, 56 
ahould he adopted. The advantage of this method is 
that the gas ceases to he given off the moment the source 
of heat is taken away — 

SbS"s + 6HC1 = 3SHj + SSbClp 

Antimonious Hydrochloric Sulphuretted Antimooious 

sulphide. acid. hydrogen. chloride. 

S13. Properties. — A transparent, colourless gas, having 
an almost disgusting odour of stale fish and rotten e^s. 
This odour is perhaps worse when lai^ly diluted with 
air than in the pure gas itself. Even when, largely 
diluted with air, this gas is highly poisonous, less than 1 
per cent, being qait« sufficient to kill smalt animals, such 
as birds. Hence the necessity of preparing it in the 
laboratory in a well ventilated cuphcjard. Svlphwetted 
hydrogen is veiy soluble in water; at 0° C. water dis- 
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solves nearly 4^ times its Tolume of the gas, and at 15° 
C. 3^ times ita volume. Tiie gaa bums in air or oxygen, 
■with a pale blue flame, producing sulphurous anJiydride. 

Iodine and bromine act in the same way in decompMiing 
the gas. 

By one of these ways the gas may be decomposed and 
rendered innocuous if it has escaped into the atmosphere 
of a, room. Put some chloride of lime on a, plate and 
sprinkle with some dilute acid, chlorine will be set free, 
and will act on the sulphuretted hydrogen according to the 
above equation. Or put a few crystals of iodine on a 
hot saucer, the same effect will be produced. 

214. ReactionB. — Sulphuretted hydrogen acts on the 
hydrates and oxides of the metals, producing sitlph- 
hydrates and sulphides — 

OKH + SHj = OKH + OHj. 

Potasslo Ljdrate. Sulphuretted hydrogen. Potassic WatCT. 

Sulpli-hydrate. 

CuO 4- SH, = CuS" + OH,, 

Cuprio oside. SulpHnretted hydrogen. Cuprio sulphide. Water. 

215. TTsa — A solution of this gas is most valuable in 
the laboratory, since, when mixed with a. soluble salt of a 
juetal, it produces in nearly all cases an insoluble sulphide 
of the metal; thus, with 2n, the sulphide is white; with 
Mn, iiesh coloured; Sb, orange; As, light yellow; Cu, 
hrownish black ; Cd, yellow ; Pb and Ei, black, &c. 

S16. Test. — Strips of bibulous paper, dipped in a solu- 
tion of plumbic acetate, called lead paper, are turned 
black by the gas. 

217. CarhoBio Bisulphide, Frisulphide of Carbon. — 
Symbol, CS'^— (i)i(gt(D . Molecular weight, 76 ; 
molecular volume, |^J^J . One litre (as vapour) weighs 
38 criths; specific gravity, 1'26, BoOs at 45° C. 
(49° F.) 

1. Prepared on a large scale by driving the vapour of 
sulphur over glowing coke or charcoal— 
C + S, = CS"^. 

Carbonic disulphide. 
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2. By heating together carbon (charcoal) and iron or 
copper pyrites~— 

G + 2FeS5" = CS -i- areS'V 

Ferric disulphide, Oarborao disulphide Ferrous 

suipliide. 

318. Properties. — ^This is % iif[uul of a slight yellow 
colour, Tery Tolatile, and of an exceedingly offensive 
odour ; its vapour is poisonous hoth to amnial and vege- 
table Hfe, and is also rema/rkaUy inflammable It is very 
much heavier than water, in which it is not soluble, and 
consequently, it is usually kept under a layer of ivater. 
It is very soluble in ether and alcoliol, and also in the 
oils. It is one of the best solvents for oils and fat, and is 
therefore frequently used for their extraction. 

It aiso dissolves very freely sulphur, iodine, hromtne, 
and pJwspkoras (except the amorphous or red variety). 

Exp. 89.— Put into four test tubes a few dropa of carbon 
dimlphide. To the first put a, little mlphur in powder, to the 
Becond a few graina of iodine, to the third a very email _pieoe of 
common phosphorua, and to the fourth a little water. ^ ote the 
solubility of the sulphur, phnaphoruB, and iodine, as also the 
beautiful colour of the iodine solution, and the insolubility of the 
carbonic disulphide itself in water. 

It combines with the alkaline hydrates, forming snlpho- 
carfaonates, which are analogous to the carbonates, only 
Bulphur has taken the place of oxygen. These compounds 
are very unstable — 
60KH + 3CS"- = 2CS'Ks5 + COKo^ + SOH,. 
PotsHsic Carbomc Potaasio sulpho- Potasaio Water, 
hydrate, disulphide. carbonate! cuibouate. 



CHAPTER XVII. 

COMPOUNDS OP SULPUUK WITH OXTGES AND HYDROXYIi. 

219. Sulpliur forms with oxygen and hydroxyl a large 
series of compounds, in which it plays the part of either a 
dyad, tetrad, or hexad. Some of these compounds are 
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of the gi-eatest importance in a chemical point of view. 

They are — 

Sulphurous anhydride SOj ©^^(s)^ 

""—"* ^"=°- &y@t®@ 

Sulphnric anhydride, SO, ffiV-rVr^ 

@ 



^^S^re^^u^S^tT'ifoiHl®'®^'®^® 



(S) 

220. Sulpliuroua Anhydride — Called sulphur dioxide. 

— Symbol, S^'O^, (oW/sV=(5) . Atomic and molecular 

■weight — 64. Atomic and molecular volume, [ \ \ , 
1 litre weighs 32 critha. Specific gravity - 32. Solid 
at ■- 76° C. { = 105° F.) Liquid under pressure of tw© 
atmospheres at 7" C. (19-4° F.) 

231. History. — ^Known and used as a bleaching agent 
from very. early times. We find sulphur fumigations, 
spoken of by Homer ; but its nature was first accurately 
examined by Priestley in 1774, and soon afterwards 
by Stahl and Scheele. It Las more recently been 
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made the subject of investigation by Gay Lussac and 
Eerzelius. 

222. Oecnrrence. — Occurs naturally in the vicinity of 
volcanoes, where it escapes from the earth in a gaseous 
lorm. It is found also present in the air (as an impurity) 
in the neighbourhood of large towns, arising from the 
burning of the sulphur which is present to a greater or 
less extent in all coal. When it is required for use, 
however, it ia always prepared artificially, for which there 
are several methods. 

323. Preparation. — 1. By the burning of sulphur in 
air or oxygen. Sulphur burns "with a lilac flame and 
produces a permanent gas, which occupies the sam.e space 
as the 0, but is doubled in den^ty ; thus 3 volumes of 
+ 1 volume of S become condensed into 2 volumes of 

so,- 

S + 0„ = so, or fo]o] + [sj = [|^ 

2. More generally prepai-ed by heating metals as Cu or 
Hg with sulphuric acid ; sulphurous anhydride is given 
ofi", water and cupric or mercuric sulphate being lefti 
behind. Thus— 

2S0sHo, -i- Ca ;i SOa + SO^Cuo" + 20H,. 
Sulpharie Sulphurous Cuprio Water, 

acid. anhydride. sulphate. 

Ihe reaction with vnercury would be predsely the 
same, Hg being substituted for Cu in the equation, 

224. Properties. — At ordinary temperatures and 
pressures, » transparent, colourless gas, which has the- 
peculiar odour of burning sulphur; it ia neither com- 
bustible nor a supporter of combustion ; it is very 
soluble in water, forming with one part of the water 
sulphurous acid, and then being dissolved in the re- 
mainder as a solution of sulphurous acid. This acid 
liquid when cooled to 0° C. deposits white cubical crystals 
of sulphurous acid — 

SOj _+ OH, = SOHoJ. 

Sulphurous anhydride. Water. Sulphurous acid. 
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This sulphurous add possesses powerful bleaching pro- 
perties, and may be kept unchanged for a long time if air 
be excluded ; but if air gets aJMess to it, it ia rapidly con- 
verted into sulphuric acid, SO^Ho^ [H^SOJ. It has a 
very great affinity for O, which enables it to bleach many 
vegetable colours, and thus maiea it very important in 
the bleaching of all animal textures, Buch as flannel, 
sponge, silk goods, Ac, which would be destroyed by 
chlorine. They are bleached by being exposed while damp 
in a closed chamber to the vapours of burning stilphur. 

Sulphurous anhydride is also used as a. fumigant to 
destroy insects, and to remove offensive odours, and so to 
destroy infection ; it is used as a means to retard for a 
time putrefaction in meat, and to check fermentation in 
cider and home-made wines; for this latter purpose a 
little sulphur is burnt in the cask before filling it with 
the liquor. It is also used as a bath in some cases of 
skin disease. 

In commerce it is very largely used to bleach straw 
hats and bonnets, &c,, bat its chief use is in the 
Lufaoture of eulphuria add. 

Exp. 90.— Place 5 gammas 
(80 gra. ) of copper clippings in a 
i'asL with Ba(ety funnel aud bent 
tube ttted through the cork ; 
poui on 30 c. c. (1 oz.) of sul- 
rhurio acjd, SOsHoa [KS^A 
lieat strongly, and collect the 
gi3 given off by downward dia- 
plactraeut (Fig. 47-) 

EiP 91 —Teat the gas with 
. lighted taper; it will not 
urn itself, nor will it allow 
% the taper to bum in it — i. e., it 
fe IS neither a combustible nor a 
_ supporter of combufition. 
" Exp 92 —Test it with blno 
htmas paper. Observe the lit- 
mus paper IS reddened, wdicatmf, the prestnce of a strong acid. 

Exp. 93.— Suspend rose or other flower in jar of vapour of 
SOj ; they will lose their colour. The colour, however, ia not 




Fig 47 
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discliai^eiS as it would be by chlorine; for if tie bleacied flowers 
be thrown into a ivr^ vaak aolution of ammonia or causlic eoda 
the coloQr will be Hist restored and then cluinged to green bj ths 
alkali. The action differs, too, on different colours ; reds ate 
bleached at once, while greena requite a very prolonged action 
o£ the gas. Logwood also is bleached very slowly, while indigo 
ia not at all affuetcd. 

Ekp. 94. — Its great solubility ia shown, aa in the cnae o£ 
hydrochloric acid, by covering the mouth of a jar o£ tha gas witli 
p, glasa plate, inverting it, and removing tbe glass plate under 

335. Reactions. — 1. If sulphurous anhi/dride be passed 
into solutions of the metallic hydrates, salts tnowii as 
svlphites are formed. Of tbese sulphites there are two — 
the acid sulphite and the normal sulphite, formed accord- 
ing as the sulphurous ati^i/t/dride or the metallia hydrate 
is in excess, 

236. Tests for Sulphites, and therefore for presence of 
Sulphurous Acid. — 1. The sulphites are made known by 
their effervescing on the addition of any strong acid, as the 
hydrochloric or sulphuric aeida, giving off a colourless gas 
with the pungent odour of sulphurous anhydride. 

2, If a solution of any sulphite has a few drops of 
baric eJdoride (BaCl^) added to it, a white precipitate of 
baric sulphite (BaSOg) will be thrown down. If the 
original sulphite be pure and free from svlpliate, this pre- 
cipitate will be dissolved on the addition of hydrochloric 
acid (HCl). If now to the clear liquid some saturated 
chlorine water be added, it wil! immediately turn milky; 
the chlorine takes H^ from the water to form HCl, and 
tlie O, set free, converts the sulphurous add (SOHo^) 
into sulphuric add (SOgHo^), which, uniting with the 
barium, forma haric sulphate (SO^Bao"), which ia in- 
toluble in all acids — 

SOHo, + CI, + HsO = SO„Ho^ + 2HCL 

Sulphurous Clilonne. Water. Sulpfiuno Hydtochlorio 

acid. acid. acid. 

327. Sulphurous Acid.— Symbol, SOHoy Molecular 
weight, 82. Crystallizes at 0" C. 
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This acid is formed whenever water or moisture in any 
form is brought into contact with svlphurows anhydride. 
It is very difficult to obtain this compound perfectly free 
from admixture with water. 

Tie properties and reactions of su^hurtms acid have 
been already described in treating of sulphurous anhy- 
dride — the latter, in fact, only acting through the inter- 
■vention of moisture, whereby it becomes converted into 
sulphurous acid. 

328. Sulphuric Anhydride.— Symbol, S''Oy Mole- 
cular weight = SO, Molecular volume, | \ \ . One 
litre of sulphuric anhydride vapour weighs 40 criths, 
Puses at 2i-5° C. (76° K) Boils at SS-S" C. (91-7° F.) 

329. Preparation. — 1. By passing a mixture of sm^Awi^ 
CMS anhydride and oicygen, over spongy platinum ignited 
to a red heat. The platinum by a catalytic action induces 
the SOj and O to unite, forming SOg, forming svlpkurio 
anhydride. 

2, By heating gently in a retort Nordhausen (or fvmr 
ing) sulphuric add. Fumes of suiphuric anliydride are 
given off, and may be condensed ui a receiver, which is 
kept cool with ice — 
|- 'S-OiHo 
\o = S-'O.Ho, + S»Oa. 

ITordliauEen Solphiirie aeid. Sulphuric 

Hulpliuric acid. anhyiiride. 

230. Fioperties. — Sulphuric anliydride, when con- 
densed in a receiver kept cool by ice, assumes the form of 
a fibrous looking mass of white, silky crystals, very 
tough and ductile. It allows iteelf to be moulded by the 
fingers (if they are perfectly dry), without charring the 
ekin. It liimes in the air, and is very deliquescent ; and 
when mixed with water, it combines with such ener^ as 
to give rise to intense heat, and a hissing noise similar to 
that caused by the contact of red-hot iron with water. 
This solution has all the properties of Btdphuria acid. 
' ' ■ 'e possesses no acid properties ; it will 
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not redden litmus paper, nor in fact act in any way as an 
«cid, until it has been brought in contact and combined 
■with, water, when, sulphuric acid having been formed, all 
the reactions due to that compound take place. 

f SOjHo 

231. Nordliauaeii Salphuric Acid — Symbol, < O — 

( SO,Ho 
is so called from its being chiefly made at Nordlwiusen, 
in Saxony. It may be regarded as ordinary sulphuria 
acid, having dissolved in it one proportion of SM^Awrt'c 
amJiydride. This idea of its composition is clearly set 
forward in ita atomic formula, (H^SO^ SO3). The com- 
pound is so unstable, that, under ordinary circumstances 
of temperature and pressure, it fumes or gives off vapours 
of miphuric a/nhydride, hence its name of fuming sul- 
phnrio acid. 

232. Preparation.— Ferrous sulphate (SOHogFeo", 
€OHj) ia dried at a moderate heat, to expel its water of 
crystallization, and is then distilled in earthen retoj^ts ; 
a dense, brown, fuming liquid passes over, having a 
specific gravity of about 1-9. 

283. Uses. — The chief use of this Nordhausen swl- 
phurie acid is for dissolving indigo for the preparation, of 
that beautiful dye known as Saxony blue. Ordinary 
etdphuric add will not dissolve it. 

234. Sulphurio Acid. — Called also hydrv: svlphate, 
and oil of viiriol-^^yrahaX, S O^Ho^ [H3SO,]. Molecular 
weight aad combining proportion, 98, Moleculaa: volmne, 

|-4-4 , One litre of aulphm-io acid vapour weighs 24'5 

ci-iths. Specific gravity of liquid, 1-85, Boiling point, 
325''C.|617''F.] 

235. History. — ^The process for making sulphurie acia 
or oU of vitriol from sidphtM" and niire was first described 
by Basil Valentine, born in the beginning of the fifteenth 
century. It was first introduced into England in 1730. 

236. Preparation. — Sidphuria aeHi may be prepared 
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in aoveral ways as a laboratory experiment, by the actiott 
of hydfoxyl on sulphurous anhydride, oxygen on sul- 
plmrotis acid, or water on sulphuric aii/iydride, as sbown 
in the three following equations : — 
(1.) SO, + Ho, = SOjHo,. 

SuIpburouB anhydride. Hjdroxyl. Sulphuric auid, 
(2.) SoHoj + = SOsHoi- 

Sulphurous ttoiJ. 
(3.) SO, 4- SH, = SOaHo,. 

Sulphurous anhydride. Water. 

237. Manufacture. — This acid, which is one of the 
most important, not only to the chemist, but also to the 
manufacturer, is made on a very large scale by passing 
sulphurous anhydride (SOg), Tapours of nitric acid 
(HO^o), sleemt (OH^), and aii-, into a large leadea 
chamber, and allowing them to mix freely. 

The sw^hwroits anhydride m obtained by burning 
sulphur in funjaces, the chimneys of which communicate 
with the leadea chamber. Above, and in the flame of 
each furnace, is hung an iron pot charged with a mixture 
of sodic or potassia nitrate and sulphuric acid, which 
under the influence of heat becomes converted into sodic 
sidpJiate and nitric add, thus — 

2N'-OiNao + SriOaHOa = SO^Nao, + SHvOjHo. 
Sodic nitrate. Sulphuric acid. Sodic sulpliate. Mitrie acid. 
The vapours of the nitric acid thus enter the chamber in 
company with those of sulphurous anhydride. 

lie steam, OHg, is supplied from a boiler which has a 
series of jets opening into the chamber; while the air is 
obtained by a strong draught, caused by a tall chimney 
at the end of the chambei' opposite the furnace. This 
tall chimney also serves for the escape of any excess of 
the gases, which, in a well managed chamber should 
consist only of nitrogmi and nitric oxide, the sulphurous 
anhydride and oxygen being supplied in just sufficient 
qiiantities to condense each other. 

The changes which tako place when these four sub- 
stances meet each other are as follows : — The sulphuroua 
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acid (formed by the union of the sidpkurou$ aniii/drida 
and steavi) has the power of deoxidizing the niti-ic add, 
by depriving it of oxygen, and converting it into nUria 
oxide, becoming itself changed into sulphuria acid. 
2H0jHo + 3S0, + 20H, = 2H0 + 3SOaHo,. 
When nitric oxide, N^O^, cornea in contact with iree 
0, it becomes conyei-tfld into nitrous anJiydride (W^Oj,), 
Thia it doea in the leaden chamber obtaining from the 
air, thus — 

»,0, + = N2O3. 
Kitric oxiiio. Nitric aabydride. 

This NjOg, in the presence of sulphurous aniiydride and 
water (steam), parts with an atom of O to form sulphur- 
oua a«id, being itself reduced to N^Oj, which agsdn takes 
from the air, and so on — 

HO3 + OH, + KOa = »,0, + SO, Hn,. 
Kitroua Salphumus Nitric Sulphnrio 

tmhydride. onhyilride. oxiile. acid. 

The sulphnric acid thua formed is immediately dissolved 
in the water which covers the bottom of the tank to the 
depth of 3 or 4 inches. The liquid collected at the bottom 
of the chamber is very dilute eulphurio acid; it is then 
drawn off and concentrated by evaporation. This is 
carried oa in leaden pans, at a gentle heat, antU. it at- 
tains a specific gravity of 1'72, when it begins to attack 
the lead. At this stage it ia of a brown colour, and is 
known as the hrown oil of vitriol. It is finally concen- 
trated in vessels of gla^ (bottles holding about 40 gallons), 
or else in boilers made of platinum. One of these plati- 
num boilers was exhibited at the British Association 
Meeting at Nottingham, which coat £C,000. 

The nitric add aupplioa the first amount of oxygen to 
convert the eulphwrous into salphuria add, being itself 
reduced to nitric oxide, which thenceforth serves as a 
m.ere carrier of oxygen, absorbing it from the air, and 
parting with it again to the gvlphwroui add. It would 
bo unnecessary to add fresh quantities of these c 
10 E M 
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(the products of the sodic nitrate) were it not that some 
of it ia continually escaping into tho tall chimney witli 
^vhich the chamber is connected, and other parts of the 
■nitrous anJiydride become converted by reduction into 
-nitroiLs ondde. 

In distilling over the brown acid of comraeroe, care 
must be taken that all traces of nitrous compounds m\ist 
be removed before employing platinum vessels, as other- 
■wise they become corroded. The -water which comes over 
has always a small proportion of sulphuric acid with it j 
it ia therefore preserved and returned to the leaden 
chamber. 

338. Properties. — SvfyJmrie acid (the oil of vitriol) of 
commerce is, when pure, a colourless, transparent, and 
odourless liquid, dense and oily-looking (hence its name), 
and of a specific gravity 1'842. It is of an intensely 
acid and caustic nature, ajid, on account of its great 
affinity for water, chars all organic substances (as wood, 
sugar, &e.) ; this it does by removing O and H in the 
form of OHj, and setting free the carbon, C. Its affinity 
for water is so great that, if left exposed in an open 
vessel for two or three daya, sometimes even in twenty- 
four hours, it will double itself in weight from the aque- 
ous vapour absorbed fi-om the air. >Vliea the acid and 
water are mixed, great heat ia ^ven out ; the dilution 
should always be made in tiiin glass vessels, and by poui-- 
ing the acid gradually into the water and stirring, and 
Twt the water into the acid. This property of absorbing 
water makes it very valuable in the laboratory as a 
means of drying gases. That the action between the sul- 
phuric acid and water is a chemical one, and iiot a mere 
dilution, is shown by the following facts; — 1st, That 
heat is produced; 2nd, that condensation takes place; 
and, 3rd, that the water cannot be entirely separated by 
evaporation, 

239. Reactions. — Sulphwria add is dibasic — that is to 
say, it forms two principal classes of salts with monad 
metals exemnJified in — 
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(3) 
HydriopotitEsictnilpliate, S-'OiKoHo @-@-(5)-@-® 

®® 
Potassio anlphate, S'H^iKo, iK)®-@-(o)-@ 



The action of this acid on metals Taries ; -wten ponred 
cold and pure on some metals, such as zinc and iron, a 
very slight action taltea place, which is almost immediately 
stopped, the reason bemg that a salt (a sulphate of th© 
metal) is formed which protects the remainder of the 
metal from further change; but if a little water be added, 
the action is immediately quickened, the metal is dissolved, 
and hydrogen is evolved. The reason is, that the salt is 
dissolved by the water as soon as formed, and a fresh 
surface of the meta] is exposed to the action of the acid. 

On such metals as copper, •mercv/ry, arsenic, tin, lead, 
silver, &o., eulphui-ic oAd, even when concentrated, has 
no action when cold ; but when boiled with them, md- 
phUro'oe amliydride and the sulphate of the metal are 
formed — 

2SiO,Hoj + Ag, = S'OjAgo, + 20Hj + S-'Oj. 

Gold and platinum undergo no change even when 
boiled with Bulphuric add. 

Tha manu&cture of sulphuric acid is shown in Fig. 
46, in which A A represent furnaces in which aulp/mr 
or iron pyrites is burned ; in which an iron pot is 
suspended, charged with sodie nitrate and svfyhuric acid. 
Vapours of nitric acid are thus liberated, which pass oa 
along with those of sulphurous anhydride into immense 
leaden chambers, E F, supported by strong timber fi-ame- 
work. Steam is projected irom a boiler, E, thi'ough a. 
pipe C, into the chamber. This not only supplies th» 
moisture necessary for the first stage of the operation, 
but also facilitates tlie mixing of the vni'ioHS gases. 
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Some idea of the extent of these chambers maybe formed 
from their size, from 4 to 5 metres (12 to 16 feet) high, 
6 to 7 metces (14 to 21 feet) wide, and 50 to 100 metres 




Fg 4- 
(150 to 300 feet) in length Thev are sometime? m 
tersected b^ partial leaden partitions to eJeot tie muLtura 
of the gases more peifectly 

The reaction is easily seen on a small bftle in the 
laboratory or at the lecture tittle by me^na of the ap- 
paratas Fig 47 m whi^.h & large globuKr reeei\er 
has four beat tubes fitted thiough i^ cock three of 
which, are connected with flasks giving off respectively 
stdpkuroua anhjdnde nttnc acid and ttfatn while the 
fourth supplies aw or ot/gen If no water be present 
in the receiver m a few minutes its inner surface becomes 
cooled, with a white crystalline deposit, into whicli 
indphurous miltjdride nttna peroxide, and oicygen, enter. 
As soon a& this moss is treated with water it is decom- 
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posed with, effervescence, evlpkuric acid being formed, 
and nitrous onAydride set free. 

240. ImpuritieB. — The chief impurities in sulphuric 
add are plumhia sulphate, formed by the slow action of 
the acid on fclie lead pans in which it is evaporated; 
fumes of kitrogen compounds dissolved in lihe acid, ami 
derived from the nitric acid employed in its manufac- 
ture; and sometimes arsenic, when it has been pre- 
pared from iron pyrites. The mode of detecting each is 
as follows: — 

Tie lead may be detected by diluting the acid with 
■water, when the sulphate falls in the form of a white 
powder, being insoluble in cold dilute acid. 

The compounds of K may be detect«d by boiling some 
of the acid with a few drops of dilute solution of indigo, 
the blue colour of which is destroyed by them. 

The wrsenic is only present when ttie acid has been 
made from pyrites; it is easily detected by adding a few 
drops of hydrogen sulphide, when the arsenic is thrown 
down, as an insoluble yellow sulphide. 

241. Tests.-^!. Any soluble salt of SomMra gives, with 
sulphnrio acid, a white precipitate of barium stdphate, 
SOgBao/ j^EaSOJ, which is insoluble in all acids. 
This precipitate takes place even when the a«id is very 
dilnte. 

3. The strong acid produces great heat when poureil 
in water. 

3. The strong acid blackens wood, sugar, &C. 

242. Uses.— The applications of sulphuric acid in the 
arts are almost innumerable, while to the chemist it is 
perhaps more important and essential than any other 
substance with which we are acquainted. The brown 
acid of commerce is used, without purification, in the 
manufacture of the so-called " superphospate of lime" &c., 
for manure, Very large quantities are consumed in the 
manufacture of sodic sulphate, which is a preliminary 
process to the formation of sodic carbonate. It is also 
used in large quantities in the preparation of nitria 
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hjdrochloria and other volatile acids, hesides many other- 
important compounds. Ite uses in the laboratory are too- 
numerous to mention ; ia fact, it forms one of the most 
important reagenta we have. 

Its moat important use ia perhaps the manufacture of 
soda from common salt. On this production of soda de- 
pend the two manufactures of soda and glass. It has also 
materially simplified and cheapened the refining of silver, 
and the separation of gold, which is always present ; and 
in the manufacture of artificial manure {superphosphate of 
lime) from bonea it is almost invaluable. 

The discovery of a cheap and easy method of mating 
sulphuric acid has already formed one epoch in chemistry; 
and every fresh discovery which either simplifies or 
cheapens the production of this im.portant compoimd will 
form a starting point for a new era in the science. 
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